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THE CONTROL HYDRAULIC MINING 
CALIFORNIA 
THE FEDERAL GOVERNMENT.* 


far back the past history takes us, the search for gold 
has had passionate interest for mankind. The same zeal that 
animated the Argonauts who accompanied Jason his quest the 
Golden Fleece, the same patience and perseverance that urged 
the searchers for the philosopher’s stone, the insatiable greed for 
quickly acquired wealth that sent the Spanish conquerors the 
New World, are even this day driving men deeds daring and 
adventure the farthest ends the earth. 

The richness the treasure discovered California genera- 
tion more ago seems almost fabulous. Gold fields that yielded 
single year more than and since the first discoveries 
have produced date more than 000, have filled the 
minds army miners, from that day this, with that fever 
for gold which, once acquired, seems never relax its hold its 
victim. 


* Presented at the meeting of May 2d, 1906. 
+Captain, Corps Engineers, Army. 
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stream the western slope the Sierras but held 
its gravel bed quantities this precious metal, and when all these 
had been exhausted was found that enormous wealth could ex- 
tracted from the old gravel beds the prehistoric rivers, those 

tertiary age. wash through sluice boxes the quickest time 

possible these vast quantities gravel, order secure the gold 
contained, was the eager effort thousands men. Millions 
yards these old gravel deposits were thus displaced every 
year, and washed into the streams and watercourses. 

The State California, not realizing not caring that some 
day this might lead much trouble, assisted the miners every 
conceivable way. The right condemnation private property for 
rights way for mining ditches was granted the miners, the use 
the streams carry away the tailings the mines was one 
time authorized legislation, and even the Federal Government, 
whose public lands these mines were mainly located, not only made 
charge for the privilege extracting the gold, but even author- 
ized the miners take claims without charge, which they 
could have temporary possessory right, protected law long 
they worked their ground. 

small wonder that little thought was given injuries 
which might caused these operations. 

The topography the Sacramento and San Joaquin Valleys 
peculiar, and any interference with the outflow the floods these 
rivers certain aggravate condition already very troublesome 
one nature. Along the flanks these rivers for miles are rich 
areas, sometimes several miles wide, which are overflowed each year 
because the inability the rivers carry off the floods caused 
the spring rains and melting snows. For months these rich lands 
are under water. the population the valleys along the rivers 
increased, growing hostility arose toward the miners who, was 
believed, were mainly responsible for these conditions. 'Thus arose 
the contention between the miners the one hand and the 
valley people the other, which led much bitterness feeling 
later years. Its settlement has occupied the minds many en- 
gineers and legislators for years, well the time many lawyers 
and judges. The end only now barely sight. 

The Debris Problem.—The problem what with the debris 
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resulting from years unrestricted hydraulic mining has thus 
vexed the people California for upwards generation. the 
fierce and bitter conflict between the mining interests the moun- 
tains the one hand, and the interests the agricultural regions 
the other, which has been carried for more than thirty years, 
the industry hydraulic mining was finally completely vanquished. 
The decisions the courts, and their injunctions, had put end 
about 1880 form mining activity which more than 
$100 000 000 were said have been invested that time, and from 
which the State California had originally derived most its 
claim the attention the world. These decisions and 
tions against hydraulic mining were based the injuries caused 
the tremendous inundation mining detritus over the farming 
lands and river beds the valleys the central part the State, 
and the constitutional right the owners this property 
protected from such injuries. 

cannot denied, however, that the discovery gold 
fornia 1848 gave stronger impetus the growth the State 
than any other single occurrence before since. 1849 there 
were 100 000 miners engaged washing the gravel the river beds 
the Sierras. Where sparse and scattered population had worked 
out more less precarious existence, the discovery gold caused 
mining camps first and then flourishing towns spring 
magic. these grew, the mining industry was followed the 
farmers, orchardists and ranchers who settled later the rich val- 
leys the Sacramento and San Joaquin Rivers. save their 
farms from inundation caused raising the flood plane the 
rivers, and prevent the bottom lands from being ruined the 
accretion gravel and debris from the mines the mountains and 
foothills, legal remedies were resorted the valley people, and 
about 1880 the once enormous industry hydraulic mining had 
been successfully throttled the injunctions the Local and 
Federal Courts. 

The feeling between the miners and the valley people became 
acute, and much bitterness resulted. The State California had 
extensive investigations made, but found could not cope with the 
The Federal Government was then appealed to, and 
examinations were ordered Congress 1880 and again 1888. 
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The former was made and report submitted Colonel 
Mendell,* Corps Engineers, Army. The latter was made 
board three officers consisting Lieutenant-Colonel Ben- 
yaurd, Major Handbury and Major Heuer, all the Corps En- 
gineers.t the report this board, Congress passed, March, 
1893, mining law which has been since known the Caminetti 
Act, from the name its proposer Congress. This Act was 
ostensibly for the protection the navigability the Sacramento 
and San Joaquin Rivers, preventing them from being filled with 
mining debris and their depths thus reduced point where free 
navigation would impossible. was fervently hoped those 
interested mining California that the application the law 
would far wider its benefits and give them the long-sought 
privilege operating their mines without hindrance. This law 
created Federal commission regulate hydraulic mining such 
way prevent any injury navigable waters, with ample 
power stop all such mining until satisfactory impounding facili- 
ties for its detritus were provided each mine. 

The constitutionality such enormous interference with the 
interior affairs one the States the Union was embraced 
this law was based the provision the Constitution the 
United States assigning the Federal Government the duty regu- 
lating the commerce between States, and incidentally protecting 
the navigable highways. 

was presumably understood Congress that the steps neces- 
sary protect the interests navigation from the mining debris 
evil would necessarily protect all the agricultural interests, the 
greater includes the less, that the engineers charge could 
devise method which would protect satisfactorily the navigability 
the rivers affected, the other questions involving private rights 
would solve themselves. The depths the rivers being affected 
quickly, there was thus afforded delicate test injury. Any min- 
ing that would cause appreciable shoaling the navigable rivers 
could any injury any other interests. the navi- 
gability the rivers was protected, therefore, the problem that had 
been such long standing could soon settled. This law, was 


Ex. Doc. 76, House, 46th Cong., Session. 
Ex. 267, House, Cong., Session. 
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thought, would thus permit the resumption hydraulic mining 
under such restrictions might necessary protect the rivers. 

The Act provides for Federal board three engineer officers 
the army, appointed the President and confirmed the Senate, 
called the California Debris Commission. became their 
duty under the law devise plans that would permit hydraulic min- 
ing resumed, under sufficient restrictions prevent injury 
the lower rivers and the land lying adjacent thereto. The Commis- 
sion’s jurisdiction was limited the water-shed the Sacramento 
and San Joaquin Rivers, but within these limits all hydraulic mining 
was prohibited except with the license permit this Commission. 
maximum penalty 000 fine and one year’s imprisonment was 
imposed for violation the Act. 

The Commission was directed also devise projects that would 
improve the navigability the rivers above named and their tribu- 
taries, protect their banks against encroachment and damage from 
mining debris, and restore, far required the needs navi- 
gation, the navigability the rivers existed 1860. 

What has been accomplished this Commission since its or- 
ganization the subject this paper. 

Description the Mining understand fully what 
was assigned the California Debris Commission and the wide 
scope and difficulty the geography and topography 
the State California must considered briefly connection with 
the flow mining debris. 

The entire central portion the State inclosed mountains, 
and consists elliptically shaped about 450 miles long 
and miles wide, embracing about 000 sq. miles. hemmed 
the Coast Range the west and the Sierras the east, and 
drained the Sacramento and San Joaquin Rivers, which empty 
into the Pacific Ocean through San Francisco Bay. All the water 
falling the areas the water-shed these rivers must pass into 
the Ocean through one mouth, about mile wide its 
narrowest point, called the Golden Gate. 

The flat portion the valley embraces about 769 sq. miles, where 
the annual rainfall about in.; the Sierra slope, with eleva- 
tions high ft., has area about 843 sq. miles, where 
the rainfall varies from 102 in.; the slope the Coast 
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Range has area 3075 sq. miles, with rainfall something 
less than the Sierra slope, whereas the Shasta region the north, 
having elevations more than 14000 ft. and area 5616 sq. 
miles, has rainfall ranging from 110 in. The rainfall over 
the entire water-shed the Sacramento Basin, about sq. 
miles, may averaged about in.* 

Practically all this rain falls during the winter months and 
the early spring, that the warm rains and melting snows together 
frequently cause excessive floods. The watercourses their upper 
portions are all mountain torrents. thus happens that every 
spring the Sacramento River required carry off floods far be- 
yond the capacity its bed. 

The superficial area the channel and slough surface only 
sq. miles, out total sq. miles the level part the 
valley, and the fall surface slope very limited the lower por- 
tions the river. has been estimated that, with annual pre- 
sq. miles, more less, flooded every spring when warm rain sets 
after heavy 

very evident that the local conditions have for ages, not 
always, prevented the Sacramento River from discharging its flood 
waters promptly. Furthermore, for ages the well-known erosive 
action and leveling tendencies all rivers have been work cutting 
down the mountains and hillsides and filling the lower river 
reaches and the bays. Much the Sacramento Valley has unques- 
tionably been formed this way, and this action doubtless still 
progress. seems more than likely that Suisun Bay all that 
left large inland sea, the waters which one time probably 
washed the lower slopes the Sierras. 

The denudation various valleys natural causes different 
parts the world progresses different rates, and unfortunate 
that definite records are available for the Sacramento water-shed. 

Observations the quantity sediment carried various 
rivers various lands indicate that the time required natural 
agencies remove average thickness ft. rock each 
the several drainage basins follows: 


° ~ * Physical Data and Statistics of California,’ by William Ham, Hall, M. Am. Soc. 


+ Transactions, Technical Society of the Pacific Coast, February and March, 1887. 
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Applying the Mississippi rate the Sacramento River, would 
indicate removal about 600 000 cu. yd. sediment per annum; 
the rate would indicate 000 000 cu. yd. The natural con- 
ditions the Sacramento Basin resemble those the more than 
those the Mississippi. stated probable that the annual 
sediment moved natural causes somewhere between the rates 
these two rivers, that is, between and cu. yd. 
per annum for the Sacramento Basin.* 

Nearly all this natural wash carried into the lower sections 
the tributary rivers, some transported into the Ocean 
with the tidal currents, some settle the shoals and tide flats 
around San Francisco Bay, and some add the already gorged 
condition the river channels. 

thus see that for probably thousands years natural agencies 
have been work filling the navigable rivers and encroaching 
the area San Francisco Bay. These natural agencies, already 
promising certain disaster the navigable capacity San Francisco 
Harbor some far-distant day, were assisted enormous rate 
the work Man, for there were recently added human agencies 
that rendered more complicated already too complex situation. 
This was the removal hydraulic mining millions cubic yards 
gravel and sand from their location the western slopes the 
Sierras and the washing this material into the and tribu- 
taries the Sacramento, Feather, American and San Joaquin 
Rivers. 

Hydraulic Mining was discovered California 
1848, during the construction mill race Colona, near 
Georgetown, purely accident. The news spread rapidly, and 
1849 there followed army 100000 miners, who soon washed out 


Annual Report, Chief Engineers, Army, 1882. 
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all the accessible gravel lying the beds the small creeks and 
rivers. 

The hand-pan, which only small quantity gravel time 
washed, gave way early rockers larger capacity, and 
these sluices where caught the gold, after being washed and 
separated the action flowing water, brought ditches, some- 
times for great distances. was only step further the use 
hose and nozzles, and then steel pipes and monitors for directing 
powerful streams against the tertiary gravel banks higher eleva- 
tions. The streams are used under pressure break down the banks, 
and the water carries off the gravel through the sluice boxes, where 
the gold, virtue its high specific gravity, caught 
various kinds. 

This method was invented native Connecticut, and dates 
from dispenses with many men, and cheap and quick 
method excavating gravel banks. The cost, favorable situ- 
ations, has been stated have been low cents per cu. yd. 
Nozzles large in. diameter have been used, pressures high 
that due 400 ft. head, and quantities great 500 miners’ in. 
(about cu. ft. per sec.) single stream. The excavating power 
these large streams enormous. 

The engineering features connected with these early mining 
operations are full interest even now. The difficulties were tre- 
mendous, building mining ditches carrying several thousand 
inches water for sometimes and miles along the crests 
ridges and over deep gulches wooden flumes, all bring the quan- 
tity water necessary mine the gold, elevation sufficient 
give the pressures that were indispensable. securing outfall 
the mines sufficient remove the debris while mining, tunnels 
great length, rock, were also often necessary. These operations 
were all scale but little realized those who have not visited 
the mining regions. 

Extent the Damage.—The quantity gravel which can 
moved hours each miners’ inch stream called its 
“duty.” This depends the character the bank, and varies from 
yd. cu. yd., with average about cu. yd. This duty, 
with approximate knowledge the total quantity water used 
season throughout the entire mining field, gives some 
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idea the quantity material dislodged annually. this 
way was estimated 1880 the State engineers that 404 000 
cu. yd. gravel were washed from their banks into the and 
rivers the Sacramento Basin. Much this material was coarse, 
and was not carried far, but most the fine material was unques- 
tionably taken down the first freshet, added to, year after 
year, and carried farther each high water. 

Sediment observations the water the Sacramento River 
were made 1880, and deductions from them indicated that 
100 000 cu. yd. were brought down that river suspension that 
year, which amount 000 cu. yd. were assumed the pro- 
portion due natural wash and 13200000 cu. yd. that due 
hydraulic mining. the total, cu. yd. were estimated 
have settled the overflowed basins along the river, leaving 
000 000 cu. yd. that were carried suspension past Sacramento 
and down into Suisun and San Bays. this amount 
(16 000 000 cu. yd.), assumed that 11100000 cu. yd. the pro- 
portion due mining. Deducting this 11100000 yd. 
from the total amount excavated the hydraulic process 
(53 404 000), ascertained the “duty” hydraulic streams, and 
referred above, find that the remainder, cu. yd., 
must have been left behind the numerous and tributaries 
the Sacramento and San Joaquin Rivers result the mining 
operations single year.* 

These conclusions are based what now appears insuf- 
ficient observation, and the reference them here mainly in- 
tended give indication the enormous extent the debris 
problem. visit the mining regions, for example, from Nevada 
City Dutch Flat, would dispel any doubts anyone’s mind that 
the denudation this means was enormous. 

The damage done the streams and lower country pal- 
pable and manifest anyone who has visited the Yuba, the Bear 
and American Rivers the extent denudation. 

The vast quantity debris now lying the river-beds has been 
distributed along the watercourses accordance with the well- 
known laws water transportation. Much was undoubtedly 
left where new conditions flood would move again new 


* Report, State Engineer, 1880. 
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location lower down. thus seems plain that the enormous 
quantities tailings the beds the cafions and streams are not 
permanently located, but are only awaiting opportunity move 
new location whenever the velocities the stream are 
favorable. The injury once done still exists menace for the 
future, and will continue exist until conditions more perfect 
equilibrium are reached. Surveys recently made indicate that be- 
tween 1899 and 1904 addition more than 15000000 cu. yd. 
was lodged the bed the Yuba River from these old deposits. 

The low-water plane the Yuba River Marysville was raised 
ft. between the years 1849 and 1881.* The citizens Marys- 
ville, order protect their town from the damage due floods 
occasioned thereby, built levees around the city, which were added 
from time time required. These levees were continued 
Daguerre Point, about miles, the north bank. This neces- 
sitated levees the south side the river, protect the 
adjoining agricultural lands, and thus grew extensive levee 
system which now maintained great expense. The lower river, 
from narrow mountain stream 1850, now filled with sand 
and gravel that its bed nearly miles wide places, with 
average width about miles. This abnormal width, lying be- 
tween the lines levees, extends the river from Marysville 
Daguerre Point, all about miles. About sq. miles are 
covered with mining debris. The depth fill varies from about 
ft. Marysville ft. Daguerre Point and ft. 
Smartsville. short distance east from Marysville the bed the 
river now ft. above the level the surrounding farms. 
plain that any accident the levees near Marysville would mean 
disaster the town. 

The quantity material lodged the river due mining has 
been variously estimated from 71000000 700000000 yd., 
but seems safe say that there are now upwards 333 
cu. yd. the bed the lower Yuba. This material varies 
character from cobbles, near Smartsville, impalpable powder 
near Marysville, being distributed along the river-bed from coarse 
fine the slopes diminish. These slopes decrease from about 
ft. per mile near Smartsville about ft. per mile Marysville. 


* Appendix MM, Annual Report, Chief of Engineers, U. 8. Army, 1882. 
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Not even faint conception can had the vast body min- 
ing material this river, without seeing the river-bed low water. 

The Bear River shows greater depths mining detritus than 
the Yuba, but the quantities are not large, the the Bear 
being steeper and narrower. The best information available leads 
the conclusion that the Bear River filled 150 ft. deep the 
crossing between Little York and You Bet. The quantities lodged 
the Bear River were roughly estimated 66000000 cu. yd. 
1891.* 

The Feather, the American, Consumnes, Calaveras, Mokelumne 
and other tributaries the Sacramento are all, greater less 
degree, affected the same way. 

The Sacramento River itself shows unmistakable signs con- 
siderable fill, largely due mining detritus. Since 1849 the low- 
water plane Sacramento has been raised about ft., causing 
reduced carrying capacity for its flood waters, and requiring prop- 
erty owners build levees protect themselves from floods. The 
available depth for navigation, however, has remained about the 
same. The quantity debris the river estimated 108 000 000 
cu. yd.t 

comparison charts shows that the bar across the entrance 
San Francisco Bay has not deteriorated noticeably, nor the chan- 
nels within the bay diminished depth, but shoaling the areas 
along the flanks the channels perceptible, and the channels are 
slowly narrowing. Suisun Bay the area shoals increasing, 
and Carquinez Straits there are indications the formation 
large 

Duties the Commission.—Such, then, was the condition that 
confronted the first Commission 1893. check the injury 
navigable streams once, prepare plans for the improvement 
their navigability restraining works, and rehabilitate hydraulic 
mining far practicable, were the duties imposed upon this 
Commission the Act. The supply new detritus from hydraulic 
mines had that time been mainly, not entirely, stopped in- 
junctions the Federal and State Courts, prohibiting all such min- 
ing, but the flow debris was still continuing, due the washing 


Appendix MM, Annual Report, Chief Engineers, Army, 1882. 
+ Ex. Doce. No. 267, House, 5ist Cong., 2d Session. 
+ Appendix MM, Annual Report, Chief of Engineers, U. S. Army, 1882. 
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down every flood part the enormous quantities already 
stored the upper river reaches and the tributary cafions. The 
damage once started could not wholly overcome injunctions. 

designing restraining works there was precedent nor pre- 
vious experience from which valuable lessons might learned 
the new Commission, but everything had originated novo, 
such condition probably exists elsewhere the world. 

addition all this, the miners were clamoring for permission 
resume mining under the new law, insisting that they told 
the restrictions that they might comply with the law, found 
practicable, and permitted resume their business legally. 

The first efforts the Commission were thus directed making 
examinations the mining regions, order see what relief could 
given the miners. 

was found many cases that the construction dams the 
below the mines would store all the material that would 
moved, and some cases there were old hydraulic mine pits that 
filled with detritus without damaging the lower rivers. 
Other expedients were studied, but the method using dams across 
the ravines and cafions below the mines was found most satisfac- 
tory for the general case. 

Impounding Dams.—Various kinds dams were tried: stone, 
earth, brush and rock, log-crib filled with rock, and many others. 
After twelve years experience has been found that the usual 
small mine where impounding dams can used will need one 
two general types—either log-crib dams brush dams. 

There are special cases, course, where other kinds dams are 
needed, but these two types are most common for the smaller mines, 
and printed specifications for these dams, with cut explaining 
their construction has been prepared the Commission. 

The log-crib the usual type. consists “cob-house” crib 
made large logs which are notched and drift-bolted together. 
filled with quarried rock and chinked against leakage. This type 
dam seldom built more than ft. high, this being the limit 
safety placed the Commission for the usual case. These dams 
are very satisfactory for their purpose when well made. long 
they are kept wet they are practically permanent, and those loca- 
tions where the logs rot, due being dry part the time, the rock 
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being angular and well bedded gravel will resist erosion long 
after the logs have failed bind the dam together. 

The brush dam less used, permitted usually only when 
the water-flow over the dam small, when the river diverted 


ONE POCKET LOG CRIB DAM 
BEFORE CHINKING FILLING 


* Down-stream Face of Crib, 
batter 1 on 10 


SKETCHES SHOWING METHODS OF CHINKING DOWN-STREAM FACE 
Fie. 1. 


through spillway one end, and only when the slope the cafion 
above slight. These brush dams are not permitted more than 
ft. total height. 

Figs. and with the specifications and the photographs here- 
with will show plainly their construction both cases. 


LE == Up-stream Face of Crib, Vertical 
v 
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General Instructions for Log-Crib Debris Dams. 
Approved the California Debris Commission, January 18th, 1904. 


bottom sides the dam are founded bed- 
rock, and the ends the timbers set into bed-rock wherever prac- 
ticable, provide shoulder against which the dam may rest 
resist the pressure the debris when impounded. 


2.—The dam will consist down-stream and up-stream 
wall logs connected cross-logs running and down stream, 
the walls cross-logs not more than ft. apart. 


notched and drift-bolted together crossings. 


distance between the up-stream and down-stream walls 
logs not less than one-half the proposed finished height 
the dam, and case less than ft. 


5.—The up-stream wall vertical, and the down-stream 
wall have slight slope stream about ft. every ft. 
height. 


6.—The spaces between the logs the down-stream wall are 
closed small logs laid inside the dam, brush, shown 
Fig. 


dam then filled with stone and chinked with 
fine brush, leaves, that while mining progress, will 
maintain pool water least ft. deep. 


General Instructions for Brush Debris Dams. 
Approved the California Debris Commission, January 18th, 1904. 


1.—Brush dams should built live strong brush least 
ft. long. All large limbs should hacked with axe, but not 
cut off, and then bent back lie compactly. Small twigs and 
leaves should left on. The poles used should not less than 
in. diameter and not more than in. The poles should well 
trimmed, and long practicable. 


2.—The dam should built along straight line, follows: 
Level off the foundation. this lay the brush closely, with the 
butts line and pointed down stream. This should make 
thick, compact layer. top this layer and right angles 
the brush lay pole about ft. back from the ends the butts, 
which, with other poles like it, should extend entirely across the 
stream. 


layer gravel small stone then placed the layer 
brush high the thickness the pole. this layer 
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Fig. 1.—Bank oF A Hyprav.ic Mine (Not IN OPERATION) IN NevapA County, SHOWING 
Great DeprH oF EXCAVATION. 
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gravel place another heavy, compact layer brush before, butts 
down stream and tips stream, which lay another row poles 
across the stream. Then place another layer gravel before, 
and continue until the dam the required height. The dam 
should then consist alternate thick layers brush and thin layers 
gravel, each two layers brush separated row poles. 
See Fig. 


4.—The poles should placed that each row somewhat 
back the row below, that the whole down-stream face the 
dam when completed will have slope about horizontal 
vertical, and that the butts the brush will about ft. higher 
than the tips. Each row poles should strongly wired, every 
ft., the row poles below. 


5.—The dam must tightened against leakage, with gravel 
and fine brush thrown the tips the brush, that, when the 


BRUSH RESTRAINING DAM 
SHOWING METHOD CONSTRUCTION 


Down-stream face of dam 
Siope 3 horizontal to 4 vertical 


Wiro fastening every 4 ft. 


Doles not less than 
4 in. in diameter 


2. 


mine being worked, pool water least ft. deep will 
always maintained. 


Requirements for being permitted mine, 
under the United States laws, the hydraulic miner must have 
license, permit, from the California Debris Commission. order 
obtain this license, must submit application, petition, 
the form supplied the Commission, which states under oath 
the location and description his mine, its extent, the source and 
quantity his water supply, the dimensions and grade his sluice 
boxes, what restraining works proposes, the precipitation rain 
and snow, the drainage area above his mine, and several other items 
information which affect the flow detritus. This application 
advertised newspapers for three weeks, permit any protests 
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filed with the Commission. protests are received, 
inspection the mine and its impounding facilities made, and 
the location and kind restraining dam decided upon consulta- 
tion with the owners the mine. order sent the Commis- 
sion construct the restraining works decided upon, and later an- 
other inspection made when the works are completed. these 
works are found satisfactory this second inspection, revocable 
license mine issued. Monthly reports are then required from 
the mines thus licensed, showing the quantity material mined and 
the condition the dams. 

inspections are made ascertain whether 
dams are kept repair, whether there always ample storage 
capacity, and whether any mines are operating without licenses 
without dams. For this purpose several employees the Commis- 
sion, often Deputy United States Marshal, are constantly inspect- 
ing during the mining season, and members the Commission visit 
mines from time time whenever special inspection needed. 
The cost these inspections, advertising applications, and the 
expenses keeping the records the mines, their reports, 
the office, are all borne the United States, the mine owners, 
course, building and maintaining their own expense the restrain- 
ing works required. 

The task inspecting mines and keeping their records 
small one. The mining area covers about 450 miles length and 
miles breadth, rough and mountainous country, which must 
covered several times each mining season the inspectors. 
This necessary prevent illegal operations and maintain con- 
trol the licensed mines. The number applications for licenses 
now reaches 727, the greater proportion which, however, are not 
now force. card index, with lists arranged according 
counties and consecutive numbers, necessary keep accurate 
record the conditions each place. 

Mining without licenses, even dams, and the use various 
tricks avoid building and maintaining dams are practiced 
limited degree, but seldom that legal steps are necessary 
stop this sort illegal operation. Careful and frequent inspections, 
with occasional warnings, are usually all that necessary pre- 
vent all illegal mining any importance. 
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Fie. 2,—A Loe-Cris Dam, with SPILLWAY, IN PLUMAS County. 
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this way the debris from hydraulic mining has been regulated 
that very little now added the old supply. These restrictive 
measures, unfortunately, have been too great permit the resump- 
tion hydraulic mining the large scale formerly followed, but, 
the other hand, they have permitted many mines operate that 
otherwise would have had remain idle. 

There are now mined nearly 1000000 cu. yd. each year, which 
are stored the cafions and ravines behind debris dams specially 
constructed for the purpose. Under the restrictions imposed, the 
lower rivers are now slowly improving. The Sacramento River 
gradually lowering its low-water plane Sacramento, and the effect 
the tide beginning increase. Both these indications are 
distinctly favorable. 

Protection the Navigable Rivers.—The other side the Com- 
mission’s duty the study the rivers the Sacramento and San 
Joaquin systems, with view the preparation plans for 
the treatment these streams and their tributaries that the in- 
jurious mining detritus may kept out the navigable rivers, 
and the streams restored their former condition navigability 
far may needed. 

The first step, after preventing the operation mines where 
debris was not properly impounded, was the treatment the larger 
tributaries prevent the enormous quantities now their beds 
from reaching the navigable streams. 

1881 the State California built brush dam the Yuba 
and one the Bear River, with view impounding debris 
the crest the dams. These dams were only few feet high, and 
were constructed brush, gravel and sand-bags. They were neces- 
sarily founded the unstable gravel bed the river. Neither 
dam withstood the first high water. Both streams have widely 
varying discharges, the Yuba ranging from about 300 cu. ft. per sec. 
the summer and autumn about 80000 cu. ft. per sec. 
during floods. The Bear River varies from about cu. ft. per 
sec. during the summer low water estimated flood discharge 
about cu. ft. per sec. 

With these flood volumes evident that any dam hold, 
built the treacherous gravel the river bed, must con- 
siderable strength. 


CONTROL HYDRAULIC MINING. 


General Principles Improvement.—In undertaking the for- 
mulation plan for these rivers, the Engineer Officers adopted 
general line work that was believed applicable. con- 
sisted three divisions: 

1.—The construction moderately high dams the foothills 
where the rivers emerge into the valleys, and where the value 
land not great. These dams, being located where the slopes 
the river-bed are comparatively high, were placed there with view 
sorting the heavy material that will stand high slopes, from 
the fine material that will not, thus storing this heavy material 
where will impounded least cost. 

and basins lower down the river, forming 
settling pools, where the slopes are flatter and where practically all 
the finer material can deposited all except high stages the 
river bringing the flowing water almost, not entirely, rest. 

walls the remainder the lower river, con- 
fine the flow selected channels, that the large quantities 
debris now the river beds, outside these walls, should not over- 
flowed, and thus could lie undisturbed indefinitely. 

After investigating various other plans, was believed that the 
application these principles would hold back all the debris that 
could impounded, and would offer the best solution the problem. 

Yuba was decided commence the work restrain- 
ing the debris the Yuba River, this stream has suffered more 
from mining detritus than any other California, and causing 
the most trouble the navigable rivers. the difficulties could 
surmounted this stream, the methods found best adapted the 
purpose would likely more easily applied the other rivers. 

After study several years, and after extended surveys 
which numerous borings were made, plan was adopted the 
Commission and submitted Congress 1900. Much eredit 
due Mr. Hubert Vischer, Assistant Engineer, whose work this 
plan, under direction the Commission, has been much value. 
The plan has since been modified from time time the progress 
the work rendered necessary. The estimated cost was $800 000, 
which the State California, under the provisions the 
Caminetti Act, pays one-half. This project was adopted Con- 
gress, and funds were appropriated therefor. 
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2.—A AND Rock DAM THE YuBA RIVER, SUBSEQUENTLY DESTROYED 
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The project provided for: 


1.—Barriers across the river just below Smartsville, hold back 
the coarse detritus coming from the upper reaches. 

eut Daguerre Point, through which divert the river 
high stages, with embankments forming settling basin for im- 
pounding fine material during the remainder the year. 

walls, about 2000 ft. apart, extending from Da- 
guerre Point the Feather River, confine the flow selected 
channel. 

barriers are system weirs extending 
across the river, where the banks are high enough afford large 


YUBA RIVER, CALIFORNIA, 


SMARTSVILLE TO MARYSVILLE 
SCALE OF MILES 


Deguerre Point 


Smartsville 


Fie. 3. 


impounding capacity, the first located few miles. below Smarts- 
ville. This first barrier was the only one estimated for the 
present project, but was supplemented others higher 
the river soon was filled, the others located and built 
when necessary. 

dam brush, rock and gravel was first proposed, with row 
Wakefield sheet-piling ft. deep protect the toe. was 
found impracticable drive the sheet-piling account the 
coarse and heavy material the river-bed, and, therefore, this type 
was abandoned after several hundred feet had been placed with 
much difficulty. This portion afterward washed out during flood 
the winter 1903-04. 

modified brush barrier was then tried the Commission. 
was “cob-house” construction brush fascines, forming pens ft. 
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square, with elevation ft. above the river-bed. These pens 
were filled with heavy rock. apron ft. wide was made 
mattress brush fascines fastened together with cables. This dam 
was destroyed the first high water. The large amount drift 
carried this freshet broke apart the fascines, and the dam soon 
disintegrated. 

The design next tried much stronger. anchored the 
river-bed with piles, and tied together longitudinally with two timber 
bulkheads. The first step this dam, ft. above the river-bed, 
composed rock fill held place concrete blocks weighing about 
tons each, moulded place over the rock fill, and connected 
with wire cables embedded the concrete. Leakage checked 
the timber bulkheads. broad apron, ft. wide, with 6-ft. lip, 
diminishes the scour the toe, that otherwise might undermine the 
dam. sloping up-stream face prevents damage from drift. 

thus seen that most the weaknesses the previous dams 
have been remedied the new type. This dam has passed success- 
fully through its first high-water season without any sign weak- 
ness, and the first dam withstand single freshet the lower 
Yuba River. 

The dam the first series steps, which the ultimate 
barrier will composed, and consists four rows piles, the two 
upper intervals between the rows being ft. and the interval be- 
tween the third and fourth rows being 

Piles are 6-ft. centers the uppermost row, 12-ft. centers 
the two middle rows, and centers the lowest row. 
Every ft. the piles tier and down stream are connected 
their upper ends with 1-in. galvanized-wire cable. 
bulkhead, in. thick, spiked the up-stream and another the 
down-stream row piles, and carried deep the water the 
river would permit. 

Between the first two rows piles placed fill rock which 
was brought subgrade, that when covered the concrete 
blocks, ft. thick, the height the barrier would ft. above 
the average level the river-bed. Concrete blocks, about ft. square 
and ft. thick, are built place over all this fill, connecting, 
rollerway, with apron ft. wide resting the river-bed below 
the dam. 
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Fig. 1.—BarriER No. 1, River, SHowinG METHOD oF CONSTRUCTION. 


CONTROL HYDRAULIC MINING. 


The up-stream slope protected inclined layer large 
rock laid Portland cement mortar. The concrete slabs the 
top surface the dam and those the apron are separated from 
each other tar-paper joints, and prevent dislocation the 
river currents are connected the direction the stream flow with 
1-in. galvanized wire cables, ft. apart, embedded the concrete. 
The cables connecting the piles referred above are also embedded 
narrow strip concrete in. square, which helps bind the 
heads the piles together each tier and separates the large blocks. 

Excepting these narrow strips, the concrete slabs rest the 
river bottom only, and are not supported the piles. They are 
jointed that they are free move vertically, the cables acting 
hinges. 

This was designed permit the concrete blocks follow down 
any considerable scour under the apron, should occur, and thus 
prevent any serious damage the dam due back-lash. 

The weak place all over-fall dams poor foundations is, 
course, the toe. The rollerway and apron are designed help 
protect the river-bed from excessive and dangerous velocities. 
addition, extension lip masonry ft. wide placed below 
the apron carry the water away from the toe, and, under- 
scoured, will break up, fall into the hole and offer protection 
against further scour. This action occurred near the south bank 
for short length during the high water 1905, and was found 
act effectively planned. addition, for about 600 ft., the dam 
the south end, where the scour was believed strongest, was 
protected large rock rip-rap placed random. This pro- 
tection, which may considered flexible rip-rap apron, was 
added during the next season, making more than ft. wide 
entirely across the river-bed. 

The south end the dam joined the bed-rock the river 
bank, which the south abutment founded. the north end, 
also, concrete abutment was built, which was founded piles, 
act retaining wall for the earth embankment built later con- 
nect the north end the dam with the shore. The north 
composed compactly cemented gravel through which was orig- 
inally planned have spillway constructed carry the river 
all stages except flood. During construction, the entire river was 
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permitted pass between this abutment and the north shore, before 
building the embankment, that the first step was constructed en- 
tirely the dry river-bed. When the time came close this gap 
through which the river flowed, was found undertaking 
far greater than was anticipated, there were about 1200 1300 
cu. ft. per sec. flowing around the end the dam, about three times 
the flow expected. This flow had lifted more than ft. over 
the completed structure. 

The first pile-work placed close this gap failed account 
the pressure the water and the serious scour which took place 
the bottom while trying close the opening. more piles 
were placed the opening, and, the liberal use brush and 
sand-bags, the gap was finally closed. 

Much assistance was afforded auxiliary dam levee 
the river, mile long, hastily built divert the flow over the dam 
and away from the cut. More than 20000 sand bags were used 
closing this gap, rock was available. soon closed, the 
gap was filled with earth embankment. 

The experience with the north bank near the end the dam has 
decided the Commission change the location the permanent 
spillway from the north end the south bank, where the cut will 
rock. This spillway will 400 ft. wide the lip and ft. 
deep, and will raised the dam raised. When completed, 
will take flow 600 cu. ft. per sec. before the dam comes into 
use, that the river will carried around the south end the 
dam all times except for short period during each year flood 
stages. This will make the dam when completed practically per- 
manent and easily maintained. 

The first step the permanent dam having proved satisfac- 
tory, the Commission decided build the second step during the 
following low-water season, and contracts were let May, 1905. 
This work now completed. The elevation the second step 
making the total height the dam ft. The general 
features this second step are the same those the first step. 

the same way, expected put step about ft. high 
the dam often conditions warrant. this way the ultimate 
height the dam (36 ft.) will reached successive steps. This 
method was found advisable, the amount work possible the 
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Fic. 1.—First Attempt To Divert RIVER FLOW OVER THE BARRIER. UNSUCCESSFUL. 


Fic. 2.—PortTIon oF RiveR CHANNEL DurING ConstRucTION, CLOSED, 
PREPARATORY TO FILLING WITH EARTH EMBANKMENT. 
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river-bed during the low-water season limited, and time must 
given the river fill each step with gravel. 

The first step, already built, has been filled with gravel its 
crest since the first heavy freshet, and gravel large pigeons’ 
eggs has been rolled over the top the dam for several months. 
This has given rise considerable wear the concrete, some 
places more than in. deep, during the winter. 

thus plainly seen that the dam whole gravel-fill 
dam sluiced into place the river itself, the down-stream slope 
which composed layer blocks having general 
inclination about vertical horizontal. The over- 
lies rock fill held place framework anchor piles and 
timber bulkheads. 

The concrete for this was made gravel taken from the 
river-bed. was and measured order get the pro- 
portions the various sizes decided upon. The materials were 
unusually clean, white quartz sand, gravel and small cobbles. Cobbles 
were selected that would pass 2-in. ring and held 1-in. 
ring, gravel that would pass 1-in. ring and held ring, 
and sand passing opening was used, care being taken 
select sand from places the bed where but little fine material was 


found. number experiments for voids were made, all showing 


that the interstices each size varied from per cent. The 
average was about 33%, which was assumed the average for 
each size. The proportions used were: cement, sand, gravel, 
and small cobbles, for the first season’s work, and additional 
volume gravel was added for the second season’s contract, making 
the proportions The concrete was hand-mixed the 
first year and machine-mixed the second year, effecting great 
saving cost the contractors for the later work. local brand 
Portland cement was used. The resulting concrete 
oughly satisfactory for the purpose. wearing surface 
mortar, in. thick, was placed over the concrete the first year, 
but this wore through places with the abrasion caused the 
gravel which passed over the dam. was found that the quartz 
aggregate the concrete was the best resist the abrasion, and 
the surfacing will probably omitted the future. 

Cost.—The first piling was purchased under contract, but driven 
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the United States, because was not believed advisable con- 
tract for this work first, the risk was considerable, and was 
freely predicted some engineers that piles could driven 
the bed the Yuba River that place. Excepting delay due 
overturning and wrecking the driver twice high water, this work 
-was carried completion without notable difficulties, 888 piles be- 
ing driven with ordinary land driver equipped with 20-h. 
Lidgerwood engine and hammer working 45-ft. gins. 
The driving was difficult, each pile requiring from 150 250 blows. 
The piles cost from cents per ft. delivered Marysville, 
and cents per ft. haul the site the work, miles further. 
This made each pile cost about $12. The driving cost $5.02 per 
pile, making the cost each pile place about $17. Including 
experiments with water-jet and accidents, the cost was $19.74. This 
price was considered high the time, but the work under the con- 
tractor for the piling the second step, the spring 1905, has 
exceeded this price. Under contract, the new piling for the second 
step has cost the Commission 31} cents per ft. per pile delivered 
the site the work, making each pile cost $12.60. The contract 
price for driving $7.60, making each pile under contract cost 
$20.20 place. 

Portland cement costs $2.785 per bbl. delivered the site the 
work. was furnished the contractor during the first season, 
but the United States during the second. 

The cost the work the first step, including the abutment, 
shown Table the prices including placing: 


TABLE 


Loose brush.......... cords 332.50 
Small rock fill........ 251 tons 251.00 
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Fie. 1.—Pmine CoMPLETED FOR SECOND STEP OF BARRIER. 
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Fie, BARRIER NEARLY COMPLETED. 
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the prices given Table only small profit was made 
the contractor, according memoranda kept the engineers dur- 
ing the progress the work. 

The entire dam, including piles, but not the north abutment 
and embankment, cost, round numbers, $78613, about $63 
per lin. ft. 

The construction the first step the barrier was successful, 
and its behavior was satisfactory during the high water the past 
winter. This enabled the Commission take the construction 
the second step ft. higher during the following low-water 
season. Accordingly, contract was let February, 1905, for 
delivering 400 piles the site the work 314 cents per lin. ft., 
this cost being made about 214 cents the cars Marysville 
-and cents for hauling them miles the barrier. separate 
contract was let February for driving the piles $7.60 per pile. 
All piles, number, were driven June 15th, 1905. 

The piles were ft. long, driven ft. penetration the 
river-bed, leaving ft. standing for the step, including small 
cut-off. 

contract was let for the main part the second step 
April, and June 15th, 1905, work was commenced. The main 
features the second step are similar those the first step, and 
are shown Plate The work was carried without inter- 
from high water, had happened twice constructing 
the first step, and November 25th, 1905, had been completed. 
this work, the entire river flow, amounting 
the late summer only about 300 cu. ft. per sec., was thrown 
into selected channel the south end the barrier, which was 
protected from scour brush mattress loaded with rock. This 
enabled the entire dam, about 250 ft. length, except about 120 ft. 
the south end, constructed the dry bed the river. Upon 
the completion the main work, double row piles this south 
end, specially provided for this purpose, was bulkheaded and then 
filled with rock. This formed coffer-dam around the unfinished 
end the dam, which thus turned the water over the main dam, 
permitting the small unfinished section built without inter- 
ference. 

flexible apron rip-rap rock, ft. wide, was laid across the 
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river-bed below the toe the first step protect the bottom from 
scour. Rocks weighing from 500 tons were selected for this 
portion the dam, tons being used. This will added to, 
during each low-water season, needed. south abutment was 
commenced, which the only portion built was that necessary 
provide for foundations for future work. This abutment founded 
rock, and will form part the spillway built later 
this end. 

The contract prices and the quantities used for this second step 
are given Table 

TABLE 


985 cu. yd. $0.75 per cu. yd..... 238.75 
Bulkhead 000 ft. $25.00 per M..... 
156 cu. yd. $4.25 per cu. yd..... 663.00 
Brush 560 sq. yd. 0.70 yd..... 392.00 


kept during progress the work show that the con- 
tractors made profits these figures. 

the total Table must added the cost cement, 
bbl. $2.785 per bbl., the cost piles, 556, furnished under other 
contracts, and the cost superintendence and inspection, amount- 
ing 264. 

The cost the second step, not including the abutments the 
rip-rap apron below the dam, was $30.06 per lin. ft. 

The rip-rap protection below the apron, placed during 1905, 
consists tons large rock, costing all $13 604, $11.83 
per lin. ft. 

The cost the entire work construction the first two 
steps, but not including the end abutments, has been $129 792, 
$103.83 per lin. ft. 

Daguerre Point Section—The plans for the treatment the 
intermediate section the Yuba River involve the construction 
high embankments river gravel extending entirely across the 
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river V-shape, with the apex stream, the down-stream ends 
connecting, one with Daguerre Point the north, and the other 
with high knoll the south bank. These barriers are 
high that they will never over-topped. 

diverting barrier connects the apex the with the north 
shore, diverting the south all water below the elevation its 
Through Daguerre Point being cut channel, 600 ft. 
wide and ft. deep, through which will pass all the river flow 
high stages. 

the south bank, regulating works will admit all the water 
turned the diverting barrier, limit about 3000 cu. ft. 
per sec., passing into natural depression about sq. miles 
area, adjoining the river the south. These works will exclude 
all flow greater than what considered safe, compelling the excess 
pass the north over the diverting barrier and through the cut. 
This plan simply taking advantage the natural regimen the 
river. 

All rivers have their sections active erosion, usually where 
slopes and velocities are highest; their sections transportation, 
where slopes and velocities are sufficient carry sediment, but not 
scour; sections sedimentation, where the reduced velocities 
permit the sediment fall and form deposits; and their sections 
discharge. 

The construction the embankments and the use large 
settling basin only increase the natural area the section sedi- 
mentation. The river passed into area where the velocities 
are largely checked, although not entirely overcome, that prac- 
tically all their load sediment dropped. The water passing 
back into the river the lower end the basin will practically 
clear. stages the river, occurring for short time only during 
each year, when the flow water through the settling basin would 
more than cu. ft. per sec., and more than could 
the regulating devices will exclude the excess, causing pass 
into the cut. the river below this limit for far the greater 
part the year, this will happen only intervals, and then such 
high stages that the velocities are thought sufficient carry 
whatever fine sediment suspension into the Feather and 
Sacramento Rivers, which, being flood the same time, will 
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carry the sediment into the tidal currents the bay and thence into 
the ocean. the periods such high water are short, the damage 
the navigable rivers, any should result, will limited, and 
will any case less than the river can repair with its own 
scouring action. 

The work excavating the cut Daguerre Point has been 
progress for more than two years. About 650000 cu. yd. have al- 
ready been excavated, and the work now nearing completion. 

steam shovel having 14-cu. yd. dipper used, the exca- 
vated material being removed, two trains about cars each, 
the dump the north side the entrance. .An average 
cu. yd. per month required under the contract, which will 
completed the close the calendar year. The contract price 
excavation 234 cents per cu. yd. earth and cents per 
cu. yd. rock removed. The total cost this cut will somewhat 
more than $160 000. 

order prevent unusual scour through this cut, which 
must take nearly all the maximum flow the Yuba River, amount- 
ing floods much 90000 cu. ft. per sec., and perhaps 
more, was necessary construct inlet wall sill the en- 
trance. This masonry, and sufficient hold the bottom 
and banks its vicinity during this extreme flow. Accordingly, 
contracts have been let for reinforced concrete with rein- 
forced concrete abutment the north end and with rock face for 
abutment the south end. This work now under construc- 
tion. The length will about 700 ft. 

The estimated cost the work given Table the prices 
being those the contracts now force: 


TABLE 
Excavation 200 cu. yd. earth, $1.00 per yd. 

Plain steel bars....... 100 0.06 per Ib. 806 
Twisted steel bars.... 300 581 
Excavation atentrance. 000 cu. yd. earth, 0.45 400 
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Cement furnished the Commission, and costs $2.25 per bbl. 
Marysville and cents per bbl. for hauling miles the site 
the work. 

The average cost, excluding abutments and the excavation 
material the entrance, will approximately $35.40 per lin. ft. 
length the wall. 

was originally intended that the United States should build 
the high embankments extending across this part the river, but 
before operations could begun was found that gold dredging 
company had secured extensive mining rights the vicinity, and 
that this promised conflict decidedly with the plans the Gov- 
ernment. was also learned that the company, the exercise 
its rights, proposed dredge for gold the river-bed just where 
the original settling basin had been located. After considerable 
controversy, amicable agreement was reached which the Com- 
mission was enabled obtain larger settling basin the south 
side the river exchange for the location first adopted, certain 
deeds property essential the project were secured, and 
the dredging company also agreed build the necessary em- 
bankments free cost the United States. The area mined was 
returned the United States when had been completely 
dredged, for such use could made it. The embankments 
are considerable value the dredging company, they protect 
its operations during high water, but they are built along lines 
proposed the United States, and save the cost construction 
the United States. The total length embankment will about 
miles. About mile has been built already with only two 
dredges. Six more dredges are under construction, and will 
placed this embankment work soon completed. The em- 
bankments now being built are about ft. high and from 200 
ft. wide the base. They will not over-topped. These em- 
bankments will completed, expected, the close 1906. 

Training Walls.—Below Daguerre Point the debris the river- 
bed from ft. deep, increasing from Marysville one pro- 
ceeds stream, and forming body about miles wide, aver- 
age, and more than miles long. The project contemplates confin- 
ing the river selected channel and leaving the remainder the 
old bed undisturbed. Portions the old bed may used for 
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settling basins, but the unrestricted movement the river over 
this abnormal width bed prevented. This will effected 
dikes proper distances apart, which will contain the maximum 
flow. This will undoubtedly result some scour the selected 
channel until the equilibrium the forces work has been more 
nearly reached. This action, however, will all the direction 
greater from floods. Already, agreements have been. 
made with two gold dredging companies build miles these 
walls, lying the south side the channel below Daguerre Point, 
free cost the United States. The north wall for correspond- 
ing length miles now being built under contract the Com- 
mission cost 12.4 cents per cu. yd. material place. The 
total quantity this north wall will about 200000 cu. yd. The 
distance between these training walls the upper end 2000 ft. 
The distance apart will adapted the slope and the height 
the walls the lower reaches. 

Other the summer 1905 survey party was 
kept the field surveying Bear River, with view its treatment 
along similar lines. The Bear has been surveyed from its mouth 
the Feather the mouth Greenhorn Creek, distance 
miles, sites for dams have been examined, and plan for work 
now being formulated. 

The American River will next studied, and plan for its 
treatment prepared. 

When these other rivers remedied, the worst offenders 
will rendered harmless, and the Commission then turn its 
attention the other problems navigation and flood 
the Sacramento Valley. 
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DISCUSSION. 


publication Captain Harts’ paper some additional data have been 
obtained relative the hydraulics the Yuba and Bear Rivers, 
and the movement debris them. 

The construction Barrier No. has rendered possible fairly 
close estimate the quantity water flowing the Yuba River 
various stages. comparison the cross-section this dam 
with those several forms weirs, the coefficients which 
the usual weir formulas have been determined several experi- 
menters, gives approximate value for its coefficient. During the 
high water January, 1906, the depth water the crest the 
dam was 5.3 ft. the north end and 6.0 ft. the south end. These 
depths indicate flow about 70000 cu. ft. per sec., determina- 
tion which has been roughly checked the United States Geologi- 
cal Survey measured cross-section near Smartsville. 

During the flood February, 1904, said the greatest for 
many years, the gauge height The Narrows, about miles above 
the barrier, reported have been ft. higher than during the 
flood January, 1906. This extra depth means discharge well 
toward the 90000 cu. ft. per sec., stated the author the 
probable maximum. 

the Bear River recent flood discharge measurements have 
been made, but extension velocity and discharge curves, plotted 
from observations taken the Geological Survey for several 
gauge heights, the maximum gauge heights observed, con- 
nection with measured cross-sections, show that the assumed maxi- 
mum flow for the Bear was nearly quite reached during the 
flood January, 1906. 

The recent survey the Bear River shows that conditions there 
have reached state comparative equilibrium. 

The form the banks the confluence the Bear and Feather 
Rivers indicates that very little material deposited the latter 
the former, and stream, near Wheatland, the fact that alfalfa 
and hop fields are being cultivated between the levee lines shows 
that great progressive damage now being done from year 
year. 

the Yuba, however, spite the fact that hydraulic mining 
large scale was stopped more than twenty years ago, there 
still extensive movement the mining debris, pointed out 
the author, and this likely continue for many years. The 
great bulk the material moved during the few days extreme 
high water each season. During the flood January, 1906, the 
pool formed the second step the barrier was filled the 
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erest the dam, the center its length, and the new deposit, 
extending stream about miles, measured more than 920000 
cu. yd. The continuance fairly high stage the river since 
the flood mentioned has filled out the corners and increased the 
deposit more than 1000000 cu. yd. 

The filling behind the first and second steps the dam 
such short time roughly confirmatory the results the 
survey, which showed fill cu. yd. material the 
stretch river bottom between Marysville and Barrier No. the 
five years between 1899 and 1904. 


DIAGRAM SHOWING THE VARIATION FLOW THE YUBA RIVER 
DURING THE FLOOD JANUARY 1906. 


70 000 cu. ft. per sec. 
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The diagram, Fig. shows approximately the variation the 
flow the Yuba during portion January. This shows 
ally the flashy character the floods. The total discharge between 
mately 1000000000 cu. yd. water. During this period was 
deposited the great bulk the fill above the dam, which, from the 
foregoing figures, amounted less than one-tenth the 
mass water which was transported. addition the 
material pushed along the bottom the flood wave, large quantity, 
course, was carried over the dam suspension. This may easily 
have amounted one-third of, the quantity deposited above the dam. 

During the present season spillway sufficient capacity 
carry the entire flow the river for six months the year will 
built. steps are added the dam the spillway 
will increased until, when the final height the dam has been 
reached, its capacity will such that water will flow over the crest 
the dam only during extremely high water. 
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Besides the relief which this spillway will afford the dam, mr. 
its value accessory the construction succeeding steps 
will very great, the difficulties turning the water and making 
the closures will avoided. 

has properly prefaced his excellent description the methods used 
control hydraulic mining California brief historical 
review this important industry. This feature adds materially 
the value and interest the paper. The development hydraulic 
mining gave rise many unique engineering problems which were 
boldly attacked and admirably solved California engineers, whose 
achievements are but slightly known civil engineers outside 
that State. much regretted that industry which has 
contributed largely the material wealth, not only California, 
but the entire country—which has placed the hands engi- 
neers hydraulic data value—and distinctively 
American enterprise—is not mentioned the index papers 
published the Transactions this Society. greatly 
hoped that some California member, familiar with the history 
mining, will rise the occasion, and contribute suit- 
able paper this subject before many important details the 
early stages the industry are lost the engineering profession. 

The evolution, from small volumes water, low pressures, can- 
vas pipe, and crude, improvised nozzles, large volumes water, 
high pressures, heavy double-riveted pipe large diameter, and 
the hydraulic monitor giant, took place surprisingly brief 
period, and, when taken connection with the construction 
ditches, flumes, tunnels, dams and reservoirs, often under unpre- 
cedented conditions, marks important epoch engineering 
history which deserves fittingly commemorated the annals 
America’s leading society civil engineers. well 
remember that many the great things accomplished the 
engineers to-day are very great extent the direct result 
the experiments, mistakes, failures and successes the engineers 
yesterday. And California the engineers who were engaged 
developing the industry hydraulic mining more than quarter 
century ago, through their failures and successes, have prepared 
the way for many the spectacular achievements the hydraulic 
and electrical engineers the present day. 

The author’s statement that “the industry hydraulic mining 
was finally completely vanquished,” although evidently intended 
apply the region drained the Sacramento and San Joaquin 
Rivers, may misleading those who are not residents Cali- 
fornia. Hydraulic mining California has never been prohibited 
statute, although the decree the United States Circuit Court 
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which perpetually enjoined and restrained the North Bloomfield 
Mining Company from discharging mining debris into the Yuba 
River any its tributaries, had the effect closing all hydraulic 
mines, the operation which clearly caused injury navigation 
private property. the northern part the State, however, 
the region drained the Klamath River, hydraulic mining has 
been prosecuted without any interference whatever. Section 1424 
the Civil Code California provides that: 

“The business hydraulic mining may carried within the 
State California wherever and whenever the same may carried 
without material injury the navigable streams the lands 
adjacent thereto.” 

These conditions exist the territory drained the Klamath 
River. This, the second river size the State, typical mountain 
stream. has rapid, torrential current, and flows through 
succession deep gorges which extend almost its mouth: There 
are practically agricultural lands along its banks, and 
hopelessly unnavigable. High benches auriferous gravel aggregat- 
ing thousands acres lie along its banks and those its tributaries. 
Hydraulic mining operations have been conducted this locality 
for many years with satisfactory results, the gravel yielding from 
000 per acre. Although most the mines are small, 
their aggregate yearly production gold very considerable. 
few mines, however, operate large The Grange 
Mine, Trinity County, for instance, has one the largest 
hydraulic plants the world. With high banks (the maximum 
height being 300 ft.) and 9000 miner’s in. water available, has 
been possible hydraulic from 10000 12000 cu. yd. gravel 
per day. convey this large volume water from the source 
supply the mine was necessary construct miles 
flumes, ditches, pipes and tunnels. This conduit contains tunnel 
miles long, and 30-in. riveted siphon nearly mile length 
operating under pressure 450 lb. per sq. in. its lowest point. 

Without going further into detail, may concluded that 
hydraulic mining promises important industry 
fornia for many years—especially these localities which are more 
fortunately situated than the region described the author. 


charge the construction the Yuba barrier are con- 
gratulated the success their effort build even low dam 
across the Yuba River. Since the paper was written the river has 
been flood, and, damage the barrier has 
may considered that the second step the dam will stand. 

The writer familiar with the Yuba River, and offers the 
following comment upon the subject the paper. does not seem, 


' 
| 
| 
| 
} 
| 
| 
| 
| 
| 
| 
it 
| 
} 


DISCUSSION CONTROL HYDRAULIC MINING. 


from the author’s statements that any reliable estimate could mr. 
made the quantity debris now the channels the various 
forks the river. Hence the ability works, designed, con- 
trol the situation, open question. According the author, about 
1000000 cu. yd. earth per year are being mined, and this 
restrained log and brush dams. the writer’s opinion that, 
time, this will result renewing the problem the lower river. 
The brush and log dams will certainly decay, and, upon any 
considerable stream, the debris will then carried the lower 
reaches and deposited. Owing the fact that most the tribu- 
taries are nearly quite dry for period every year, the decay 
the dams will rapid. 

The head dam the Bay Counties Power Company, miles 
above Colgate, was formerly wood-crib dam about ft. high. 
failed two years ago, after service some thirteen years, 
and was replaced stone dam. The writer examined the timber 
this dam and found that, although was fair condition, 
showed evidences decay. Before failure the river was filled the 
dam debris, and course, this went out The 
plan this dam was very much like the plan shown the author, 
and its failure cited evidence that the dams built under the 
permits the Debris Commission will fail time, and most 
cases the impounded material will washed down the river. 
not quite bad, however, turning the debris directly into the 
stream, but, the practice continued, the condition affairs 
will time nearly bad ever. 

Referring the impounding debris the barrier, the author 
does not state the contents the basin above the dam, nor 
the settling basins below. The quantity debris brought down 
the river given about 000 000 cu. yd. per year, but, without 
knowing the storage capacity the basins, the ability the works 
constructed control the situation not evident. statement 
made that after the first step was completed 1904, the first freshet 
filled the basin the crest the dam. 

The second step the dam course added greater cube 
the basin, and the author probably now knows what effect the late 
floods have had upon it. 

Referring the dam, the writer believes that the addition 
two more steps, making ft. high, will serious menace 
the entire structure. While part the flood will carried the 
spillway, relatively small quantity water may considerable 
damage the toe. Water passing the series rollways does not 
much its energy, most being expended the pool 
the toe. 


The training walls from Daguerre Point “Marysville seem 
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the writer the best part the scheme. Their value lies, not 
much lands reclaimed, preventing the river from washing 
the entire deposit debris into the Sacramento River below. 

The foregoing not considered criticism the 
design the dam. has been built the shifting sands 
violent river, and the engineers are congratulated upon the 
success the work. believed, however, that the building 
temporary dams the mountains restrain debris bad policy. 
Gold not wealth, and the State would better off hydraulic 
mining had never been invented. 

possible that the author has hand the capacities the 
basin above the barrier, intended restrain the material larger 
size, and the settling basin for the finer material, which case, 
estimate their ability impound the debris could made. 
Without this, would seem that the project open question, 
suggested above. 


Hart’s very able, comprehensive and highly educational paper re- 
fers the protection for navigable streams developed account 
the great damage done dumping mining debris into the 
tributaries those streams, but reference made the debris 
from slides, which steadily increasing and, some sections, 
much more serious than the mine dumpage. 

The “Caminetti Law,” so-called, has resulted less expensively 
the long run for the miners than the fighting many debris 
suits—some honest and many blackmailing. 

The writer will describe briefly the conditions the non- 
navigable streams Northwestern California. 

Several years’ experience hydraulicing gravels Humboldt 
and Siskiyou Counties impels the writer state that there are 
four counties California where hydraulic mining can done 
without injury navigation agricultural interests. The coun- 
ties Del Norte, Siskiyou, Trinity and Humboldt (north Eu- 
reka) have area some 8000000 acres, about 12000 sq. 
miles. 

The Klamath and Trinity Rivers, and the tributaries thereto 
having workable auriferous gravels within reasonable dumping 
distance, cover length about 600 miles. The lower miles 
the Klamath River has fall about 490 ft. 

Placer mining began that section about fifty years ago, and 
seems have increased steadily number openings until. some 
ten years ago, when many the larger workings had reached the 
bill rock. The small “one-man workings” are innumerable; few 
large mines are still operating the Klamath, Trinity, Salmon and 
Scott Rivers, all which, with the many smaller streams, flow 
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the Pacific through the Klamath. The-lower miles this mr. 


river has large mines; the gravels are the upper benches, 
some high 2000 ft. above the river, with water available 
for mining. 

The mine now being operated the writer Orleans has 
averaged clearing about acre bed-rock per month with 
full flume ft., with gradient ft. per mile) under 
head about 250 ft., and with banks from ft. high. 
New workings, just opened, give 173 lb. static pressure the 
gauge, that is, 402 ft. head. The same gauge indicates 120 lb. 
the rear casting No. giant, with 6.5-in. nozzle, and 
with overflowing penstock. There are several larger workings 
that river, and the season about the same length, from 

The whole country “slides easily.” During the wet season, 
really phenomenal slides occur, stripping precipitous patches 
bed-rock sometimes acre more area and having depths 
more than 100 ft. one instance length about 1500 ft., 
and more than 100 ft. thick, slipped into the Klamath River, 
completely damming for some hours. course, much damage 
was done few hours later when broke through. the writer’s 
opinion, the mining has not the past and does not now put 
much debris the rivers the slides wet years. 

Carefully kept rain gauges have recorded follows: 


spite these conditions, the rivers have not filled up, and, 
fact, the Klamath and Trinity Rivers are swift that they 
almost reach the normal scoured condition any heavy flood 
season. Bars form and disintegrate from season season, ac- 
cording the stage the water. The formation bar 
any point course indicates increased jettying beyond. 

Indian dugouts are the only craft the rivers float, and, aside 
from casual blackmail suits, assisted legal gentlemen con- 
tingent fees, there little fear from legal restrictions that 
section. The Honorable John Davis says that these river 
basins the only foe with which the industry has contend 
the occasional blackmailer. The writer might add that the ranch- 
ing which might affected the mining ridiculously small, 
and that all the ranching land nearly always more valuable 
for mining. 
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Many excellent quartz leads have been opened that section, 
and large number are mines operation. Prospecting more 
than encouraging some the newer districts, but helped the 
placer mining, and there are complaints. 

The following from the Government Report gold and silver 
production 1904: 


“Hydraulic mining property small demand that area 
(drainage basin, San Joaquin and Sacramento Rivers), and few 
new mines are opened. Numbers have had their licenses with- 
drawn for violation the rules the commission granting them. 
Some changes the laws will have made hydraulic 
mining ever again flourish this section. 

“It proper note, and should borne mind those 
interested, that these conditions exist only the drainage area 
referred to. all other parts the State there are restric- 
tions hydraulic mining. The extensive hydraulic operations 
Siskiyou and Trinity Counties, and the smaller ones, Humboldt 
and Del Norte Counties have always continued without interfer- 
ence the people the laws; and for this reason that 
Trinity and Siskiyou Counties now lead all others this branch 
mining. The drainage all the streams that area ul- 
timately into the Klamath River, which non-navigable stream, 
and empties directly into the Pacific Ocean, where all the debris 
finally disappears without possibility damage any one. 

mine may therefore dump its debris convenience, and 
the spring freshets carry out, leaving place for another dump 
the following year. under these conditions (which 
formerly prevailed the area the State now under restriction), 
impounding basins for tailings are necessary, nor there any 
Federal supervision whatever. The quantity gravel 
washed therefore limited only the quantity water which 
can brought bear under pressure against the banks gravel.” 

The author, his analysis the physical and industrial con- 
ditions leading the cessation hydraulic mining the trib- 
utary water-shed the Sacramento River, and the creation 
the California Debris Commission, has clearly given the underlying 
reasons for the existence problem, with the proposed method 
its solution, that has proved too large for the State California 
cope with unaided, and too complex and bitter, politically and 
socially, dealt with direct control other than the Federal 
Government. 

The bitterness engendered the fight quarter century ago 
thing almost unknown later comers the State, especially 
residence business has not placed them direct touch with 
the territory affected. 

To-day, however, the feeling animosity between the people 
the valley and the people the hills remains much the same 
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ever; the miners ever hope mine and the ranchers the valley Mr. Kieffer. 


jealously watch see that the danger does not threaten. 

evidence this fact may cited meeting the ranchers, 
the fall 1904, Marysville, called consider the question 
proceeding against the gold dredges work along the Feather 
River Oroville, and the Yuba Daguerre Point—the two 
latter dredges being those referred the author building 
the lower diverting barrier across the Yuba. 

Floods during the previous season had covered with sand large 
‘areas along the Feather River, and this was attributed the 
disturbance the gravel deposits the rivers the dredges, 
despite the fact that, the forty dredges operating, only three 
were directly the river channels and handling recent debris 
deposits. 

When was pointed out that the effect the dredges was 
cover the unstable surface sands and fine gravel with ft. 
coarse cobbles, thereby forever restraining the fine deposits from 
further movement the stream, the agitation came sudden 
end. 

about the same time attack was made upon the dredges 
the American River field, the press Sacramento that 
the city pipes were filling with sand result the dredges 
excavating gravel Folsom, miles distant. 

These dredges were operating distance mile from the 
channel the American River, from ft. elevation 
above it, and tailed back into the river from cu. ft. water 
per sec. each boat. 

These cases serve indicate how vigilant watch kept upon 
gravel mining any form. 

other comment needed upon the damage resulting the 
valley lands from former hydraulic mining. While this vigilance 
guarantees immunity for the future, the writer feels that excessive 
alarm unnecessary. all intents and purposes hydraulic min- 
ing the Sacramento water-shed thing the past. 

The author estimates that 1000000 cu. yd. gravel are ex- 
cavated per year the present time. Taking his estimate the 
yardage the streams follows: 


Lower cu. yd. 
Other tributaries 

(assumed writer) ......... 100000000 


There total 607000000 cu. yd. gravel remaining 
the streams. 
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this added the pro rata material estimated the 
State Engineer 1880 being carried Suisun and San Fran- 
cisco Bays suspension, the grand total 760000000 cu. yd. 
gravel mined and dumped into the streams period about 
years. doubt the true volume greatly excess this. 

Upon this basis, would take 760 years, the present rate 
hydraulicing, cause trouble the magnitude confronting 
the Commission to-day, granting that all the gravel was allowed 
into the streams. 

Comparatively few gravel deposits the Sierras suitable for 
hydraulicing any large have favorable sites for the storage 
debris. 

The necessarily small the operations, combined with 
the added cost per yard for restraining works, confines oper- 
ations the better paying more favorably located gravels; hence, 
long the present regulations are force, the field can never 
greatly enlarged. 

Granting that open question whether not the 
type restraining dams specified will prove permanent barrier 
the impounded debris, the writer cannot see that the occasional 
failure dam, the course time, can have any significant 
effect upon the problem whole, provided the general restric- 
tive regulations the present are enforced. 

far possible, hydraulic mining should encouraged. 
This the Debris Commission has apparently endeavored do, but 
the results best can more than virtual wiping out 
the industry the Sacramento water-shed, thereby surely solving 
this phase the problem. 

The more momentous problem what with the millions 
yards debris already the streams, however, not 
easily solved restrictive measures. The Yuba project, 
fully outlined the author, cannot fail impress one with the 
magnitude the undertaking. 

Although the Yuba the worst offender, adapted the 
plan holding back the debris better than any other river 
which the writer knows. physical conditions could not 
found elsewhere that would permit works such magnitude 
constructed for such low cost. 

Conditions are certainly unusual which will permit the Govern- 
ment have built free cost such essential part the 
scheme the diverting barrier Daguerre Point, with height 
the south training wall, miles will also constructed 
similar manner. The dredges building these banks excavate 
depth ft. 
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Even when gold values the gravel the river-bed fall be- 
low pay, Marysville approached, the construction the 
south training wall should effected very low figure 
this method. 

The great width the Lower Yuba its natural channel 
above Daguerre Point affords unusual amount storage for 
such stream. Below Daguerre Point the width miles 
between levees would afford much greater room for subsidence out- 
side the training walls than provided the settling basin, 
although much the most available part this area the south 
side will probably mined the dredges. 

The elevation the river-bed above the very flat valley lands 
makes the settling basin very practical and easily accomplished 
part the plan. 

Barrier No. interesting piece engineering, the ulti- 
mate success which seems assured. The length the 
structure, its proposed height, the shifting character the founda- 
tion, the floods passed, and the low cost for virtually perma- 
nent structure under the conditions, are all that will 
cause its future watched with interest. 

The question maintenance, structure with such ex- 
posure concrete face the wear passing gravel, may prove 
serious. The author states that during the first winter the concrete 
facing depth in. was cut out places. 

The writer has had experience along this line upon dam built 
across the American River. The dam above the rubble masonry 
was crested with T-rails each edge and filled, for depth from 
in., the tops the rails, with concrete composed part 
cement and parts river gravel passing screen. This was 
entirely cut out during the first season; was replaced and cut out 
the next year, and finally replaced with 2-in. pine plank set between 
the rails. 

The greatest damage from such erosion occurs during the middle 
stages the river, when only the finer materials are being trans- 
ported. That this danger anticipated Barrier No. indi- 
cated the construction wasteway, 400 ft. long and ft. deep, 
sufficient carry the ordinary river flow. This will undoubtedly 
mitigate the trouble, but will not entirely remove it. 

There doubt that the ordinary aggregate the concrete 
will withstand this wear better than strong mortar. 

That the plan general outlined the Commission for the 
control the debris the streams probably the most feasible 
one, there little doubt. How far made beneficial 
question, and largely matter topography and money. 

The settling basin, diverting barrier and Barrier No. the 
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Yuba project will probably impound from 40000000 000 000 
cu. yd. material. the rate the lower Yuba basin filled, from 
1899 1904, given the author, these works will filled 

Other rivers, notably the American, afford poorer opportunity 
for impounding debris than the Yuba. this case the river 
flood when the Sacramento not. 

essential that all coarse material capable being deposited 
the slow-moving navigable streams should held back 
possible, but how far this can done with the relatively small 
works capable construction for the purpose only time will prove. 


cation the United States law concerning hydraulic mining, 
was well pointed out Mr. Riffle and Mr. Richards, affects only 
the water-sheds the Sacramento and San Joaquin River systems, 
and other part California has this kind mining been 
interfered with under the law March 1893. Much the 
large quantity gold-bearing gravel still these areas now 
almost completely sealed the operation this law, the large 
mines are either unable find settling and impounding basins 
sufficient capacity, are unable pay the cost their construc- 
tion, which thus most cases amounts prohibitive tax. There 
promise, however, that some the richer deposits may dredged 
before long machines similar those now used the Yuba and 
Feather Rivers, which have been developed the point where their 
operation practically cheap the cost hydraulic mining per 
yard material moved. When the profitable dredging ground the 
beds the rivers now being mined nearing exhaustion, this indus- 
try will look about for new fields operations, with the probable result 
that many old banks now idle will mined the method 
dredging. That this method has not already been tried, doubt- 
less arises from several causes. Among these causes are the high 
first cost gold dredging machine compared with hydraulic 
and plant (outside the cost the water), the lack 
electric power convenient places for operation, and the inacces- 
sibility many the gravel deposits, say nothing the con- 
servatism the miners. 

Furthermore, most the easy mining ground any great ex- 
tent has been already attacked, and only the less rich less acces- 
sible left. Wherever these objections are not too serious, be- 
lieved that the future movement may expected looking 
toward the rejuvenation mining old hydraulic banks this 
new process dredging. restriction would placed this 
the Federal Government the method working closed pit 
should followed, now being generally done, for damage, 
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even from careless operation, could then result the navigability Mr. Harts. 


the lower rivers into which the mines drain. 

the long contest over hydraulic mining had unexpected bene- 
fits directing new efforts toward quartz mining, which has been 
greatly developed consequence, was referred Mr. Rich- 
ards, the need finding new grounds for gold dredging operations 
will perhaps likewise cause further exploitation these old 
pits and banks, with the hope the production much 
wealth therefrom. 

the capacity the present system the Yuba River re- 
straining works, mentioned Mr. Galloway, this has been care- 
fully worked out, but the destruction all the records the San 
Francisco fire makes impossible state these amounts definitely 
present. The adopted plan this work, however, contemplates 
other barriers above the one now under construction, should they 
found necessary the future, and furthermore, enormous 
reserve basin found between Daguerre Point and the present bar- 
rier, capable storing many millions yards. After the settling 
basin now being prepared the south bank has been filled and its 
entrance permanently closed, elevation the sill Daguerre 
Point will give great volume additional storage room between 
Daguerre Point and the barrier. fact, this area available 
nearly the level the top Daguerre Point. addition, 
below Daguerre Point and lying between the training walls and 
the shores, further areas for storage debris will available. 
has been estimated that the capacity far exceeds the quantity 
debris the upper that may reasonably expected 
brought down. The plan thus involves elastic and progressive 
feature make adaptable future needs. 

Another extension this plan now receiving attention, and 
that carrying the training walls down Shanghai Bend the 
Feather River. This, hoped, will add the protection and 
safety Marysville and afford better outlet into the Feather 
River. With the detritus the Yuba successfully the 
problem the other streams more easily met. 

what necessary for the other tributaries the Feather, 
Sacramento and San Joaquin Rivers, the results the survey 
the Bear River has shown the writer the desirability adopting 
other and more direct methods caring for the debris the future 
work these smaller rivers. The construction two hydraulic 
dredges would cost not more than $300000 for both, and the cost 
the operation both dredges would about $5000 per month 
each, per year, allowing working season months. 
the material excavated should then placed the levees along 
the Feather and Sacramento Rivers, would serve many useful 
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purposes, and act both prevention and cure. This work, the 
same time, would lower the river-bed, lower the high-water plane, 
diminish the danger and damage from floods, increase the naviga- 
bility the rivers low stages, protect the adjoining land from 
overflow, and dispose the debris already deposited, well 
prevent fresh sedimentation. other way can such combina- 
tion benefits secured low cost. The application the 
Bear River the settling-basin method retaining the debris 
would cost least $300000, and that for the American, perhaps 
$500 000. believed that for these rivers far more efficient 
result would reached using the method hydraulic dredging. 
With these amounts, least eight years work would per- 
mitted, and consequent removal more than 6000000 cu. yd. 
sand and silt the side levees. Unquestionably, this would 
induce considerable natural scour high water the side levees 
were properly located. All work accomplished would thus tend 
induce natural improvement which would hasten the tendencies 
already noticed and referred to, and supplement the artificial 
work. 

The dredge now work for the United States Oakland 
Harbor digs 70000 cu. yd. per month, much less favorable 
ground, that the season’s output two dredges mining silt 
amount nearly 1000 000 cu. yd. has only been within 
recent years that suction dredges have reached such high effi- 
ciency, but seems safe say that for the less important rivers 
this method caring for the debris will prove much more effective, 
now that the danger the detritus the Yuba River fair 
process being corrected. 


= 
J 


AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 1852. 


TRANSACTIONS. 


Paper No. 1027. 


DISPOSAL MUNICIPAL REFUSE, AND 
RUBBISH INCINERATION.* 


During the winter 1902-03, the writer contributed the in- 
formal discussion “The Sanitary Disposal Municipal 
that time, some data were presented and short description was 
given the rubbish incinerator, built from the writer’s plans, 
the foot West Forty-seventh Street, New York City. Subse- 
quently, additional data were presented the International En- 
gineering Congress St. 

The writer now contributes the Society further data the 
subject municipal refuse, which hopes will prove both interest- 
ing and instructive, and description the rubbish incinerating 
plant built Delancey Slip, Borough Manhattan, City New 
York, order John McGaw Woodbury, Assoc. Am. E., 
Commissioner the Department Street Cleaning, together with 
description the adjoining electric lighting station (built 
order the Department Bridges), which utilizes the heat pro- 
duced from the incineration the rubbish light the Williams- 
burg Bridge. 

Presented the meeting June 6th, 1906. 


Transactions, Am. Soc. E., Vol. 95. 
Transactions, Am. Soc. E., Vol. LIV, Part 263. 
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This combined plant was built the Departments Street 
Cleaning and Bridges for the benefit the municipality, and 
each department retained the writer Consulting Engineer pre- 
pare the plans and superintend the construction. The Department 
Street Cleaning gains having the rubbish collections reduced 
bulk and transformed into ash which valuable for land-fills, 
and the improved sanitary conditions caused completely burn- 
ing the beds, bedding, and old furniture, which are often germ laden, 
and thus preventing them from ever returning the city. The 
Department Bridges saves the cost lighting the bridge 
using the heat combustion for the generation electricity. 
show how well these objects have been realized part the subject 
this paper. 


GENERAL 


Portions the data here given have been taken from the papers 
mentioned previously. The repetition has been made order that the 
new data presented, together with the former data, may brought 
into this contribution, and the whole rendered complete possible. 

general division and subdivision the materials given 
Table The scheme classifies the wastes municipality and 
places them three divisions, the basis classification being 
chiefly dependent upon the method handling, practiced 
“usage and custom.” The first and second divisions—the “fluid 
and semi-fluid and the “general that 
portion for which the authorities should make provision, the 
people cannot made, entrusted, dispose them sanitary 
manner. The third division includes those wastes which are cared 
for private special service—either private contract 
the parties creating the refuse. The item dead animals, how- 
ever, possible exception, and, large cities, the authorities 
should make some provision for their removal. 

uniformity practice lacking, the scheme for disposal 
adopted any city will not always agree with the method di- 
vision for classification given Table Some cities provide 
for the disposal only part the general refuse, while others 
care for the whole. 

The general refuse, which the subject this paper, and for 
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which the community should provide method for collection and 
disposal, separated into five classes: 


V.—Snow. 


TABLE City WASTES. 


Fluid and 
( Semi-fluid Sewage.... 
Refuse. 


House Sewage. 
} Street, Roof and Area Drainage. 
Night Soil. 
Steam Ashes. 
Ashes...... Household Ashes. 


| 
Matter. 


Paper. 
City Waste | Wood. 
Materials......... General Rags and Bedding. 
Metals. 
Bottles, Glass and Crockery. 
Sweepings from Buildings. 


| 

Street- Dirt. 

Droppings from Carts. 

Sweepings. Materials from Building Construction. 
(Some Rubbish and Leaves. 

| Snow. 


( Cellar Excavations. 
Materials from Building Construction. 
Stable Manure. 
Market Offal. 
Slaughter-house Offal. 
Dead Animals. 


Trade 


The the general refuse divisions can stated 
follows: 


consist silica, oxide iron, potash, alum- 
ina, lime, magnesia, soda, barium, phosphorus phosphates, sul- 
phur sulphates, and unburned coal. 

Ashes weigh about 1350 lb. per cu. yd., varying from 1200 
1500 and can divided into two grades classes, “steam- 
ashes” and “household-ashes.” 

The steam-ash that which from coal burned under 
steam boilers, those industrial works where care taken have 
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the combustion reasonably perfect. The amount combustible 
steam-ash varies from about 50%,* increasing the size 
the coal decreases and the coal less caking character. This 
amount combustible the steam-ash represents loss unburned 
coal the ash from the fuel. fair general average 
total coal used. With mechanical stoking grates, for the small 
sizes anthracites and for the anthracites friable nature, the 
amount combustible the ash would probably exceed the average 
just stated. For the ordinary anthracites, the average would ap- 
proximate 30%; and for the bituminous coals, the average would 
about per cent. For the caking coals, the average would ex- 
cessive. The loss would also greater than the foregoing average 
for coals containing large percentages earthy matter. 

Table shows the percentage combustible matter found 
the ash, reported number steam boiler trials, being the 
percentage difference between the ash determined analysis 
and that recovered from the ash-pit and weighed. 

The household-ash that which obtained from coal burned 
house-heaters, ranges, stoves and open fire-places. The coal used 
almost entirely those sizes which will pass through 
screen and over 1}-in. screen, with the exception the cannel coal 
consumed open fire-places. While this cannel naturally burns 
clean ash, still large quantity falls through the basket grates; 
and, furthermore, the coal such soft nature, much it, 
handling, crumbles into dust and small pieces, and thus rendered 
too small for household use. All this combustible portion finds its 
way into the ash collections. the continent Europe, smaller 
proportion unburned coal found the household-ash collec- 
tions than the United States, the use closed stoves for house- 
hold purposes common. England, the proportion greater, 
account the numerous open fire-places. 

For the past twelve years, the writer has kept complete coal 
record for his private dwelling. The cannel coal dust which col- 
lected between August, 1896, and August, 1902, and which had 
discarded from the household, amounted the weight 


cannel coal purchased. Assuming that this cannel coal dust con- 
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tained true ash, then the combustible portion discarded was 
about addition that which was contained the ashes from 
the grates. 


PERCENTAGE PERCENTAGE 
ASH. COMBUSTIBLE. 
Kind of coal. 
| Per cent. Percent. Per cent. | Per cent. 
*Cumberland Bituminous ........ 5.0 7.5 2.5 
* Pocahontas 4.0 | 10.0 60.0 6.0 
* Clearfield pet; 7.6 10.1 24.7 2.5 
* Cape Breton een 78 9.4 17.0 1.6 
9.0 10.6 15.1 1.6 
naval 11,1 11.9 6.7 0.8 
+ Buckwheat, No. 1, Anthracite....... Srenees 17.5 2.5 22.2 5.0 
+Buckwheat “. 16.2 | 24.9 35.0 8.7 
*Chestnut, No. 2, 12.0 16.0 | 25.0 4.0 
Barrus on Boiler Tests.” ge 251. 


+ From tests made by D. 8. Jacobus. 


The proportion cannel anthracite used was 7.6 
per cent. analysis, the combustible matter the cannel coal 
ashes was 21.8%, making total combustible about 29.8 per cent. 
Also, analysis, the combustible matter the anthracite ash was 
13.4 per cent. Therefore, the real average combustible the ash 
discarded from the house, which can taken average 
similar houses the residential portion New York City, 
amounted 15.3 per cent. 

The writer had careful analyses made February and March, 
1904, some household ashes and samples ash obtained di- 
rectly from some the dumps the City New York, with the 
results shown Table Therefore, would seem safe state 
that city like New York, the mixed ash collections from all 
quarters contain from 35% combustible matter. 

All the analyses ash were made Messrs. Simonds and Wain- 
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wright, Analytical Chemists. The samples from the city dumps 
were made taking shovelful from alternate carts they drove 
the dumps during the major part one day dump. The 
pile was mixed and quartered, and the final sample, from 
was crushed mill and again quartered. 


TABLE 


Moisture 
ASH. Percent. Percent. Per cent. Per cent. 
Coal burned stove, anthracite, size 
0.36 90 81 8.838 | 100.00 
Coal burned in a hot-air furnace, an- | 
Coal burned in an open grate, English 
cannel, size “6-in. cubes ”’.............+ 0.64 77.53 21.83 100.00 
ASHEs. 
from New York City Dumps... 
West Forty-seventh Street........... 0.88 63.73 35.44 | 100.00 


Made for the writer Messrs. Simonds and 


is, far, the most important division 
general refuse, because the most difficult handle without 
causing annoyance, unsightly, and likely become putrescible 
and diffuse offensive odors. the other hand, has distinct 
commercial value, due the value the by-products which may 
obtained from it. Whether this value worth saving, prac- 
tice, still moot question, and unity sentiment exists, al- 
though much has been written concerning its treatment. 

Its composition differs according the season the year, 
well the location the city and the character the district 
from which collected. Garbage contains large proportion 
water, the amount varying from about 50% more than per cent. 
During the fruit and green vegetable seasons the amount water 
always large, while the ordinary dwelling-house garbage 
winter the amount nearer the lower limit. 

In-Table are given some analyses the composition garbage. 
Analysis was made the Sanitary Bureau the Board 
Health the City New York, October, 1897. The sample 
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was taken from the garbage received the barges scows for 
final removal, and may considered average the collections 
from many and various sources. was practically pure garbage. 


TABLE GARBAGE. 


Per cent.|Per cent.|Per cent.|Per cent.|Per cent, | Per cent. 


and vegetable 


Total nitrogen......... 
Phosphoric acid, P, O;...... 


Dept. Health, October 15th, 1897. 

Report, Brooklyn Board Health, 1896. 

C. Transactions, Am. Soc. C. E., Vol. L, p. 128. 

Eand International Engineering Congress, St. Louis, Transactions, Am. Soc. 
E., Vol. LIV, Part 263. 


Analysis analysis Brooklyn summer garbage, stated 
the report Joseph Taylor.* 

Analysis was made Theodore Horton, Assoc. Am. Soe. 
E., garbage collected Trenton, J., during the summer 
1902. was obtained sorting 4-ton samples and weighing 
and averaging. 

Analysis gives the composition average American garbage, 
stated MacDonough Craven. 

Analyses and are quoted the authority Rudolph Hering, 
who obtained his figures from Goodrich, London, and 
Messrs. Bohm and Grohn, Berlin. 

All the figures the table are given percentages, and not 
indicate more than the relative proportions the elements reported. 
The actual quantities collected certain cities are stated later. 


Board Health Report, Brooklyn, 1896. 


€5.90 71.00 80.00 70.00 65.00 60.00 
| 25.62 20.00 16,80 20.00 24.00 30.00 
| 8.00 2.00 2.00 
0.20 
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Garbage, ordinarily collected, contains some rubbish, such 
paper, cans, boxes, etc. Even those cities where primary sep- 
aration system vogue, this admixture rubbish may amount 

Pure garbage weighs about 1100 1200 per cu. yd., when 
loosely collected. 

discarded trash, principally, all 
kinds paper, wood, rags, mattresses, bedding, boxes, chairs, sofas, 
barrels, leather, old shoes, rubber, tin cans, metal scraps, bottles, 
broken glass, crockery and the like. most heterogeneous ag- 
gregation, and contains all the household wastes that cannot 
classified ashes garbage. conceivable kind rubbish 
waste discarded from the houses found the street-sweep- 
ings; but the distinction between these classes refuse that such 
the material collected from the houses strictly belongs 
the rubbish classification, and such obtained from the streets 
the street-sweeping classification. 

Rubbish, ordinarily piled the carts, without extra pack- 
ing, weighs from 130 225 lb. per cu. yd. Boston, Mass., the 
average weight, delivered the Atlantic Avenue collecting and 
station, was 202 lb. per cu. yd. New York the 
average weight the Thirtieth Street dump was 143 per cu. yd.; 
the Forty-seventh Street dump, 141.1 lb., and the Delancey 
Slip incinerator, 139 

rubbish contains the dirt and dust from sweepings, cast-away 
bedding and rags, likely harbor germs disease, and should 
taken the place for final disposition directly possible, 
that dry, germ-bearing dust may not scattered among the people 
the community. other respects, the rubbish collections may 
termed clean, and are not especially disagreeable handle. 

Some analyses rubbish are given Table The figures 
the first column are measurements made the writer 1905, 
and the second and third columns Stearns, 
Am. E., the Department Street Cleaning New York 
City, 1904. These figures, together with those for Boston, are 
the percentages weight the marketable portion only, that is, 
that portion which was picked out and sold. The remainder was 
valueless, and was not classified, but was composed the same ele- 
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ments mentioned, together with bedding, mattresses, furniture, 
etc. 

The smell arising from collection rubbish not offensive, 
and the mass does not decompose. times the collections contain 
some garbage, which decomposing gives the mass decided smell. 

Rubbish, garbage, has inherent value. considerable 
portion the mass can sorted out and sold profit. con- 
sequence, the collections are often picked over, for which privilege 
contractors can found. 

The privilege picking the rubbish ‘at the dumps the Bor- 
oughs Manhattan and the Bronx brought for 1903. Fora 
week 1904 the amounts varied from $1175 $1920. The col- 
lections 1903 were 126 188 tons. 

the Atlantic Averfue incinerating plant Boston, the amount 
picked out and sold averages about 254% weight. New York, 
the Thirtieth Street dump, the amount about the Forty- 
seventh Street dump, about 48%; and the Delancey Slip station, 
about per cent. The two latter places are equipped with con- 
veyors which carry the material between the rows pickers. the 
other city dumps the amount picked out not large. the 
Delancey Street station equipped with incinerating plant using 
the heat for steam generation, only about 30% picked out, the 
remainder required for fuel, although with the conveyor and sort- 
ing opportunity would easy pick out per cent. The 
amount picked out varies with the market price for the paper, 
metals, ete. 

sweepings contain two constitu- 
ents value, namely, manure and paper. When these are mixed 
with the street dirt, they are valueless. the manure could col- 
lected separately, might sold for fertilizer, sold for the 
same purpose the stable manures. 

Considerable rubbish, often the dirtiest sort, found pub- 
thoroughfares, where has been thrown careless and shift- 
less population. These materials—rubbish, manure, paper, and dirt, 
the latter coming from the pavements and, therefore, varying with 
the kind use—form the major part the street-sweepings proper. 
There are some house sweepings collected the streets, but this 
addition aggregates but small part. cities which the streets 
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are lined with trees, considerable quantity leaves collected 
the proper season, which increases the bulk materially. 


TABLE 5.—Composition 
PERCENTAGES WEIGHT. 


PERCENTAGE PICKED OvT As PERCENTAGE OF TOTAL 
MARKETABLE. COMPOSITION. 
City New York. London. Berlin. 
9.7 
2.2 
4.2 
7.0 


16 


*International | Engineering “Congress, Transactions, Am. Soe. C. E., Vol. LIV, 
Part E, Paper by Rudolph Hering, M. Am. Soc. C. E. 


The sweepings are combustible. The weight varies from 800 
400 Ib. per cu. yd., much depends the dryness the weather 
the time collection. 

Table gives some idea the composition the street-sweep- 
ings. 

The writer entered into correspondence with number cities 
order obtain data regard the annual collection general 
refuse. was found that many the cities did not make separate 
collections the different classes refuse, and that many which 
did make separate collections did not keep records, they did 
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keep records, did not keep them with sufficient accuracy 
service for comparison. For instance, Louisville, Ky., published 
1903 very elaborate report which the collections were given 
cart loads. reference was made the size the carts, 
their average loading, was not possible classify these collec- 


tions. 
TABLE 
PrerceENTAGES BY WEIGHT. 
7 | 
New York. |Washington.| Berlin. London. 
Component parts. (Craven. (Wiley.) 

31 20 23 36 

100 100 100 100 

Proportion organic matter 1:22 1:16 


No. 55, Division of Chemistry. International yy ye oe Transactions, Am. 
Soc. C. E., Vol. LIV, Part E, Paper by Rudolph Hering, Am. Soc. C. E. 

+ In dry weather. 

¢ Powdered stone and abraded iron. 


Some the cities kept record yardage, and, order 
transform yardage into weight, the following schedule was used: 


Weight garbage.............. 1150 Ib. per cu. yd. 


Table gives statistics the annual collection general refuse, 

Table gives the monthly collections, pounds per capita per 
day, those cities where the records were available. This table 
shows some variation regard the amounts, which especially 
noticeable the column, “Average per day.” This variation 
caused, some extent, irregularity classifying the collections 
—for instance, some cities, rubbish and ashes are collected with 
the garbage—thus, Philadelphia the record shows that the quan- 
tity garbage per capita per day nearly 1.2 while the 
other cities varies from about 0.3 0.8 while the ashes and 
rubbish collections are low when compared with the others. 
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TABLE 7.—ANNUAL COLLECTION CITY REFUSE, TONS 000 LB. 


City. | Year. Population. | Garbage. | Ashes. Rubbish. Totals. 
| | | | 
Borough of Manhattan.. 1 917 676 184 275 } 1 405 606 | 120 434 1 710 315 
268 341 13 475 109 Guns 5 754 128 928 
o * Brooklyn...... 1 291 597 75 675 oul 501 8883 39 246 616 809 
pS & eres E 391 148 F 2808 | F 150469 | F 15750 190 022 
Philadelphia, Pa...... H| Dec. 31, 1908. | FE 1 385 549 301 643 425 650 13 975 834 312 
Cincinnati, Ohio... | 1903. 881 200 21 600 | 
Washington, D.C.. ..-| Dec. 31,1908. | 296 182 M_ 33 664 | DL 880% | L 14150 
Cleveland, Ohio. ..J| Dee. 1, 1904. 425 000 43 680 

Board Health census, 1903. Rubbish and paper included with ashes. 
B. Street-sweepings included with “ ashes.” H. Bureau of Street Cleaning, or Board of Public Works, 1908. 
Cc. The Department of Street Cleaning estimates the weight of a cubic J. Bureau of Street Cleaning, or Board of Public Works, 1904. 

yard rubbish and paper 237 Stearns, Assoc. Average for 1901 and 1903. 

Am. Soc. C. E., measured and weighed 9%6 loads in which 1 cu. L. Average for 1903-1904. 

yd. weighed 140 lb. This figure has been used reducing the Garbage for 1903; street-sweepings, ashes and rubbish averaged 

yardage to pounds, one load = 1 000 Ib. for 1903-1904. 
Including ashes from manufacturing plants. Collections not made the city. 
Z. United States census. O. Contractor’s statement for 1903. 
Report, Department Public Works, Buffalo, 1903, 
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TABLE 8.— 


COLLECTION 


REFUSE, POUNDS PER CAPITA 


New York Ciry. 


| Bor. Manhat- 


Bor. Bronx. 


tan. 


Classification. 


Street-Sweepings. . 


0.204 


Garbage......... 
Street Sweepings.....|........ 
Rubbish ..... 0.100 


0.094 


Jan. Feb. April. 


4.778 
0.311 


0.249 


0.106 


| 


0.282 
0.118 


May. June. 


July. | Aug. Sept. 


PER Day. 


Nov. 


| Average 
per Day. 


0.567 
0.389 


0.387 


0.416 


0.845 


0.120 


0.268 
0.115 


0.217 0.274 


0.1175 


Street Sweepings..... 


1.565 


2.121 
0.162 


0.141 


Bor. 


2.101 


0.299 


Garbage..............| 0.244 | 0.280 
Street-Sweepings.. ‘gee 
tes .762 | 2.662 | 2.501 
Rubbish ..............] 0.188 | 0.178 


0,389 
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Buffalo, 


1,011 0.812 


0.976 
0.487 0.404 0,355 
0 


0 
Street-Sweepings.....| 0. 


2.106 


9.061 


0.061 0.052 


Philadelphia, 
Pa. 


Garbage ......... 0.491 0.514 0.594 | 0.636 | 0.625 0.588] 0.576 


0.489 | 0.422 0.542 


Milwaukee, 
Wis. 


As-aaport, Department of Street Cleaning. B—Report, Department of Public Works. 


TABLE 38. ( Contenued. ) 


City. Classification. Jan. Feb. | March.| April.| May. | June. | July. | Aug. | Sept. Oct. | Nov. 


Street-Sweepings. 


Ohio. 


Cincinnati, 


0.543 


Garbage..............| 0.511 
Street-Sweepings.... 


Street-Sweepings.... 


Cleveland, 


0.805 


Pittsburg, 
Pa. 


Street-Sweepings.....|........ 
Rubbish...... 


5 
St. Louis, 
Mo. 


A—Report, Department Street Cleaning. B—Report, Department Public Works. 
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TABLE COLLECTIONS PER CAPITA PER Day. 


PERCENTAGE. 
Pounds. 
weight. volume. 
| | 
Street-Sweepings. 0.5310 14.15 15.99 


Table was made taking the averages the figures Table 
Some the cities collected two the divisions together and gave the 
result under one division; thus, New York collected the street-sweep- 
ings and ashes together and gave the total ashes. 

Table was made using the foregoing percentages 
divide those double collections, and gives the averages for all 
cities. is, therefore, more nearly correct than Table 


TABLE 10. 


PERCENTAGE. 


Pounds. Yards. 
weight. volume. 


15,27 
14,39 15.48 
0.001050 6.06 
3.4679 100.00 100.00 


The average collections per capita per day for the cities men- 
tioned are given Table 

The figures given Table for the monthly collections gen- 
eral refuse, pounds per capita per day, are shown graphically 
Fig. 

the same manner, Figs. show graphically the collec- 
tions ashes, garbage and rubbish. All these diagrams show 
characteristic maximum about January and minimum about 
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6.0 


Manhattan 


5.5 


uw 


Pounds per Capita per Day 


3.5 


Philadelphia 
Bronx 
Buffalo 
Brooklyn 


3.0 


‘ 
GENERAL REFUSE, 
POUNDS PER CAPITA PER DAY 
7 
q 
2: / 
ae \ | 
SS 
2.5 Vl 
Fig. 1. 
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ASHES, IN POUNDS FER CAPITA PER DAY 


4 


ad 


5 


Avq jed 19d spunog 


Manhattan 


Brooklyn | | 
Buffalo | | 
| | | 
1.5 
1,0 
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August. The maxima and minima are evidently caused the 
collection ashes, because the rubbish collections, while much more 
uniform than garbage ashes, are maximum during the summer 
months, and the garbage maximum about September. 

Fig. shows the monthly collections, pounds per capita per 
day, for the Borough Manhattan, New York City. 

studying these diagrams, must borne mind that the 
ash collections reported for the Borough Manhattan, New 
York City, also contain the street-sweepings. The curve, therefore, 
representing Manhattan Fig. too high just the amount 
the street-sweepings, which are not reported separately. the 
same manner, Fig. the curve representing garbage collections 
for Philadelphia too high, some rubbish and ashes are col- 
lected and reported under the head garbage. 

Fig. the curve representing Manhattan (as well the 
figures Table for the Borough Manhattan) higher than 
those the cther cities reported, which can accounted for 
the fact that the territory the Borough Manhattan com- 
pletely built over, and the whole population served the collec- 
tion carts. the other cities there are outlying districts which are 
included the population, but which are not served the collec- 
tion carts. probable, therefore, that the actual figures for 
Manhattan are more accurate than for some the other places. 


The value refuse fuel depends the combustible matter 
which contains. There does not appear much difference 
the general make-up the combined refuse collected America 
and Europe. differs more quantity than complection. 

Garbage will burn, can proved throwing into range 
stove. requires enough heat evaporate the water, and then 
the dry matter will burn itself and assist drying the next 
charge. This dried portion will generate about per lb. 

The combustible the ashes has total heat eombustion 
varying from, say, 10000 14000 per lb. Therefore, the 
dry ash, basis 25% combustible, will generate about 
per Ib. the ashes, according the analyses given 
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GARBAGE, IN POUNDS PER CAPITA PER DAY 


uo 


Pounds per Capita per 


1,0} 
Philadelphia 


Manhattan 


Milwaukee 
Washingon 
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Manhattan --- Brooklyn 
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REFUSE DISPOSAL. 
before, contain average more than 25% combustible, there 
allowance this latter figure for some moisture. 

The rubbish, being composed principally paper, rags and 
wood, has total heat combustion varying from, say, 5000 

The contain some combustible material, which 
can taken having total heat combustion about 
per lb. The remainder the street-sweepings consists 
incombustible material and water. assumed that 33% in- 
combustible, 42% combustible, and 25% water, the burning the 
street-sweepings would generate about per prob- 
ably safe figure. 

Assume that the combined collection composed shown 
Table 11: 


TABLE 11. 


City collections. Used as fuel. 


Also, assume that 334% the rubbish sorted out and only 
half the ashes are delivered the furnace, that the percentage 
the constituents thrown into the furnace would the ratio 
stated thé last column Table 11. From these assumptions, 
heat balance can worked out, shown Table 12. 

The combustible portion is: garbage, 0.0687; ashes, 0.0913; rub- 
bish, 0.064 (allowing 10% for the incombustible portion) and street- 
sweepings, 0.071 (allowing 33% incombustible); making total 
0.295 Ib. 

the heat passed through boiler, and the losses assumed 
40%, then the available useful heat would 2391 0.60 
434 u., sufficient evaporate 1.48 lb. water from and 
212° fahr. 

Ib. coal can evaporate Ib. water, and worth per 
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> 
zc \ 2 
< 
co < oO 
= — 


= 


3 
ied 190d spunog 


0.6 
0.5 


~ 
| 
| 
| 
0J NX 
> 
80 
a 
60 
| 


REFUSE DISPOSAL. 


ton, then the value this refuse fuel would ($1.48 
$0.49 per ton. 


TABLE ror Heat 


Temperature Air, 60° fahr. Temperature Furnace, 
fahr. Fuel: City Refuse, Combined Collections—One Pound, mod- 


erately dry. 


Total heat | Dissipation of 


eat. 
Moisture; 0.229 0.70 
Ashes: On the basis that oniy three-fourths of the 
combustible is burned; then 0.487 x 0.75 x| 
Rubbish: On the basis that one-third has been sorted| 
Street- 
sweepings: the basis that there 33% incombustible 
Heating 
fuel mass: Taking the specific heat of the mass at 0.2;) 
then 1 x 0.2 (2.000 — 60) = 388, of which, | 
say, one-third is lost through raking out, 
Heating 
Estimated British thermal units per pound... 


Pounds air per pound fuel calculated difference. 

would possible vary the proportions the constituents 
fed the furnace, long sufficient combustible material was 
supplied evaporate the moisture the garbage. This condition 
can attained practice the furnace. also self-evident 
that increased efficiency will obtained the air supplied 
heated. 

the same manner, another heat balance can worked out for 
the burning garbage, rubbish and street-sweepings, when all the 
ashes are kept out the furnace and utilized for land filling. 

Taking the same general analysis before for the combined 
collections, the fuel proportions would shown Table 13. 

Assume before that one-third the rubbish sorted out 
marketable; then the percentage the constituents thrown 


the furnace would the ratio stated the last column 
Table 13. 


— 


.26 

a> x 


Fic 1.—Smoke rrom RvussBisH INCINERATOR, WHEN BURNING Fic. 2.—Smoke FROM RusBIsH INCINERATOR, WHEN BURNING 
Dray Russisa. RvusBISH. 
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TABLE 13. 


Classification. City collections. Used fuel. 


Garbage........ 


15% (70% moisture)......... 
Rubbish..... eecccceccerecesccccccccoscece 7% (334% sorted out)....... 13.9% 


100.0% 


TABLE ror Heat 


Temperature Air, 60° fahr. Temperature Furnace, 


fahr. Fuel: City Refuse—Garbage, Rubbish and Street-Sweepings, 
One Pound. 


Dissipation 
bustion. 
Garbage : Dried portion ; 0.445 0.80 & LOOL 
Moisture; 0.445 x 0.70 x 
(212 — 60) + 966 +- 0.48 (2 O00 — 615 
air the basis 3.9 Jb. air per Ib. 3.9 


per Ib. of combustible 


(allowing 10% for the incombustible portion) and street-sweepings, 
0.1386 (allowing 33% incombustible) making total 0.3972 

the heat passed through boiler, and the losses are assumed 
40%, then the available useful heat would 2528 0.60 
1516 u., sufficient evaporate 1.57 water from and 
212° fahr. 

the basis 34.5 Ib. water evaporated from and 212° 
fahr., equivalent p., these two results would represent 
boiler horse-power for about 23.3 lb. combined collections and 
22.0 mixed garbage, rubbish and street-sweepings. 


The combustible portion is: garbage, 0.1835; rubbish, 0.1251 


| | 
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The results also indicate that, order obtain high furnace 
temperature, artificial draft needed, get the benefit 
thorough mixture the oxygen with the fuel and not require too 
great surplus air. practice, the highest evaporative results 
per pound collection burned have been obtained when the boiler 
set directly over the fires, the heat direct and the losses are 
reduced minimum. Such plan, however, not conducive 
the maintenance high temperatures the furnace, and, conse- 
quently, the complete destruction the mass thorough combus- 
tion apt sacrificed. the latter consideration para- 
mount importance, the boilers should set receive the gases 
combustion after the combustion has been completed, and while still 
high temperature. 

The experience obtained England the burning mixed 
collections shows evaporation varying from lb. water 
from and 212° fahr. per lb. refuse. The best results are ob- 
tained the use artificial drafts, obtain the benefit 
thorough mixture the gases with the smallest air supply. The air 
supplied the blasts about per lb. average mixed refuse. 

Table gives some figures relative the total heats combus- 
tion the constituent elements refuse. 


British 
thermal units. Authority. 
| per pound. 
000 
a straw, fibrous matter, and vegetable refuse. 
Paper, straw. fibrous matter, and vegetable refuse, 
7 300 H. de B. Parsons. 


* George Watson. Transactions, Am. Soc. M. E., Vol. XXV, 1904. 
on * Disposal of Municipal Refuse,” Transactions, Am. Soc. C. E., Vol. LIV, Part E, 
Estimated from its composition, and verified its behavior the incinerators. 
§ The writer considers this too small. 


PLATE 

AM. SOC. ENGRS. 
VOL. LVII, No. 1027. 
PARSONS 
REFUSE DISPOSAL. 
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Fic. 2.—BorLers For WILLIAMSBURG BripGE LIGHTING STATION AND 
INCINERATOR PLANT. 


) Fie. 1.—Front oF East FurNACE, SHOWING STOKING Doors 
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New York the city refuse separated into classes, and col- 
lected different carts. The rubbish collections include paper 
all kinds, books, magazines, cardboard, rags, barrels, boxes, crates, 
shoes, hats, pieces leather, rubber, cans, metals, garments, beds, 
bedding, mattresses, bed springs, sofas, chairs, broken furniture 
all kinds, and various other articles, both large and small, almost 
every conceivable nature. The material heterogeneous and bulky. 
packed the collection carts, its weight averages 141 per 
cu. yd., which the average the actual weighing 135 carts 
from different districts. 

this material makes very poor land-fill, and cannot 
dumped sea without danger its floating back the beaches, 
the rubbish incinerator plant was designed the writer for the 
Department Street Cleaning, order reduce its bulk, trans- 
form into ash which can used for land-fill, provide better 
picking facilities than afforded dumping directly into scows, 
Fig. Plate XI, and destroy sanitary manner the beds, 
bedding, mattresses and furniture, some which may carriers 
disease. 

Location.—The plant located city property, beneath the 
Williamsburg Bridge, facing Delancey Slip, between East Street 
and Tompkins Street, Borough Manhattan. thus close 
the East River, being separated therefrom only the width 
East Street. 

General Arrangement.—The arrangement the plant shown 
Plate XII. The collection carts drive into the building 
through any the four doors the Delancey Slip front, and dump 
their loads the belt conveyor. the material arrives faster than 
wanted the conveyor, the loads are dumped the floor 
the receiving room, the material then being pushed upon the con- 
veyor hand labor desired. The empty carts back for more 
material. 

The conveyor carries the material between two rows “trim- 
mers,” the men are called who pick out the marketable material 
and place the different kinds separate boxes. This marketable 
material baled presses and hand, and removed the con- 
tractor, who pays the city for the privilege. 
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The material not picked passes the end the conveyor, where 
dumped steel charging floor, and pushed into the furnaces 
furnace men. 

The street-sweeping carts drive inclined runway and dump 
directly the charging floor, thus preventing the street dirt from 
injuring the salable portion the rubbish. 

The furnaces are connected with stack, and, means dam- 
pers, the hot gases may diverted either directly the stack 
through the boilers. 

one side the building doors are provided for carts enter 
remove the ashes and the baled material without interfering with 
the material being received. 

second ficor over part the building provides storage space 
for the material burned holidays when there collec- 
tion, and for night use. The receiving floor also provides additional 
space for storage, well the yards both sides the building, 
and scow, filled some other dumping station, is, furthermore, 
kept the wharf opposite the building. this way there 
trouble from lack material burn. 

Building.—The building 150 ft. deep and ft. wide. The 
ground floor the level the sidewalk, and paved with Belgian 
blocks. Over the northern half and along the west side there 
second floor. This upper floor, used for storage, reached 
inclined driveway outside the structure. 

The front the building, Fig. Plate XI, brick, with 
buff brick facing, and the sides are Phenix, hollow, tile-block 
construction, stuccoed the outside. The pilasters beneath the 
roof trusses are red brick, locked into the tile blocks, course and 
course. 

The roof supported steel trusses and purlins, and covered 
with saturated roofing felt, coal-tar pitch and gravel. The upper 
floor reinforced concrete steel beams and girders, supported 
steel pipe columns. 

The windows are large could conveniently made, con- 
sistent with strength the walls. 

division wall tile blocks, carried the upper floor, divides 
the receiving space from the furnace space, and keeps the com- 
bustible material away from the fires. This wall does not reach en- 
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REFUSE DISPOSAL. 

tirely across the building, and the space used driveway for 
ash carts, which can enter one the side doors and pass out 
the other. 

Conveyor.—The conveyor the metallic, apron type, in. 
wide, with side angles hold the rubbish. The flights are each 
in. long and the full width the conveyor, and are lapped over 
each other, that there space between them they travel 
over the head shafts. Fig. Plate shows the conveyor 
rises from the receiving floor the tops the furnaces, and 
passes between the sorting boxes. 

spreading out the material the conveyor the 
for picking greatly facilitated. The picking and sorting privi- 
lege let contractor, who pays sum sufficient cover more 
than all the labor charges the plant. The amount material 
picked out varies with the market value for the old paper, cans, 
between and 40% weight the material delivered. Some 
this material, baled and ready for removal, shown Fig. 
Plate XI. 

facilitate the unloading scows, which bring rubbish from 
other city districts, conveyor across East Street has been designed, 
but not yet constructed, Plate XIV. This will unload the ma- 
terial the upper floor, from which will pushed through 
chute the main conveyor. 

Both these conveyors are arranged for power drives, using steam 
from the boilers. The speed the conveyor controllable, but the 
working speed about ft. per min. 

Charging Platform.—The platform over the furnaces steel 
construction, covered with steel floor-plates. The conveyor dumps 
upon this platform, Fig. Plate 

are two furnaces, somewhat different de- 
sign. The west furnace was Stearns, Assoc. 
Am. E., and has two grates for part its length. The area 
the upper grate 113 sq. ft. The east furnace was designed 
the writer, and has one grate, sq. ft. area, divided into two 
cells division wall, shown Fig. The material fed 
through two chutes the back, stoked forward the grate 
wanted, and the clinkers are pulled out through the stoking doors, 
Fig. The motion the material thus continuous. This sys- 
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tem has worked well, with the exception the damage the fire- 
brick lining due the stoking tools, and improvements are planned 
remedy this trouble. 

Both furnaces are brick, with fire-brick lining, and are 
strongly tied with stays made 8-in. channels set pairs. 

The hot gases pass through cross-flue, with dampers, either 
the boilers the stack. The dampers are special tile, and 
necessarily very large, Fig. They are raised and lowered 
triplex blocks and 


CROSS-SECTION EAST FURNACE 
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The material burns freely, often consuming the rate 
per sq. ft. grate per hour. Even when wet, that is, rainy day 
collections, when wet street-sweepings are fed in, the effect not 
detrimental rapid combustion. When dry, the smoke from the 
stack has light bluish color, and when wet light yellowish tinge. 
Rarely does the smoke exceed the amount shown Figs. and 
Plate XV. These photographs were taken when the furnaces 
were burning about Ib. per sq. ft. grate per hour, the former 
when the rubbish was dry and the latter when was wet. 
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the end each furnace there large door, feed beds, 
furniture and similar bulky articles. Fig. Plate XVI, shows 


the stoking doors the front the east furnace. 
boilers are Stirling water tubular, Fig. Plate 


XVI, and each contains 1890 sq. ft. effective heating surface. 


Iron Bar 3"x 


TILE DAMPER USED FLUE 
Fie. 8. 


The tubes are in. diameter. Each boiler has its regular coal 
grate, and the hot gases from the rubbish furnaces enter above 
these grates, they are always ready for coal firing (by simply arrang- 
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ing the dampers), should any accident happen the fuel supply. 
The coal firing doors are placed one side the boiler setting, 
instead the end, usual, change made accommodate the 
arrangement the plant. 

Each boiler has feed-water economizer coil brass pipe, set 
the flue the stack. These coils are connected with unions and 
can withdrawn any time without stopping the plant. 

Stack.—The stack hollow, radial-block construction, built 
Kellogg and Company. 200 ft. high, that the 
top would ft. above the roadway the bridge. The outside 
diameter the base ft. and the top in. The stack 
lined height 135 ft. above the foundation. The lining above 
the smoke inlet unusual construction, being the form 
continuous helical band, ft. in. high any point. sup- 
ported corbels, but, being arranged helically, there are only three 
corbel blocks each horizontal row the outer column. The ob- 
ject this helical arrangement prevent the outer column from 
cracking, when exposed sudden changes temperature, due 
continuous corbeling horizontal courses. This arrangement 
shown Fig. 

The foundation concrete, supported piles. 


Tue 


Building.—In order utilize the steam generated, electric 
lighting station was built the Department Bridges, from 
plans the writer. The building ft. deep and ft. wide, 
and separated from the incinerator building ft. 

steal skeleton construction, with the trusses supporting 
reinforced cinder-concrete roof, covered with felt and coal-tar pitch 
and gravel. The curtain walls are brick, with large windows, 
and are made match the other building. 

The north half the building has second floor reinforced 
cinder-concrete construction, designed used some future 
time for storage battery plant. The general arrangement shown 
Plates XII and XVII. 

are two 100-k.w. and one 50-k.w. direct- 
connected units. The generators are multipolar, direct-current ma- 
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chines, built the Burke Company, and arranged for the 
three-wire system. They are all wound for 250 volts, with 125 volts 
either side. 

The generators are driven “Ideal,” cross-compound, horizontal, 
condensing engines, the large units having cylinders and in. 
diameter with 12-in. stroke, and the small unit and in. 
diameter with 10-in. stroke. 

Each unit has independent Blake, vertical beam, jet con- 
denser, for which the suction and discharge are connected the 
East River. The exhausts are all by-passed, and extend through 
the roof, that the engines can operated non-condensing. 

The exhausts from the condensers and feed pumps are passed 
into open feed-water heater the “Cockrane” type, into which 
are also returned the discharges from all traps that not handle 
oil grease. 

piping simple possible. The steam main 
in. diameter, graded down from the boilers, with the far end 
turned down form pocket for drainage condensation, and 
trapped. The supply branches are all taken from the top, and ex- 
pansion provided for easy bends. 

Current.—The electricity generated used light the Wil- 
liamsburg Bridge, the incinerator building and the lighting station. 

The cables are underground conduits the foot the inter- 
mediate tower the bridge, whence they are carried the tower 
the distribution the bridge. 

The number lights, present connected, given 
Table 16, but when the storage completed, the electric sta- 
tion can have day load, and the current thus stored can used 
for additional work well assist the bridge load 
accident. 


Lights, ete. Bridge. Incinerator.| Station. 
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The plant was formally opened Mayor McClellan October 
30th, 1905. The cost the plant was follows: 


Incinerator, including building, stack, east 

4000 
Lighting station, including building, all ma- 

chinery, boilers, and electrical equipment. 49391 


December 20th and 21st, 1905, the writer conducted evapora- 
tive tests, the data and result which are given Each 
boiler, with its furnace, was tested separately, under similar con- 
ditions. 


Figs. and Plate XV, show the average condition the 
smoke during the tests. 
Fig. shows average steam card produced night run. 


£110 


1 2 3 4 5 H 7 
AM A.M. 


During the ordinary weekday, the quantity rubbish consumed 
about 160 loads, equivalent lb. 


SAMPLE STEAM CARD, DURING HOURS OF BRIDGE LIGHTING. 
| P.M. P.M 
10. 
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Kind fuel, city rubbish collections. 
Method starting and stopping, alternate. 
Make boilers, Stirling Water Tubular. 


Data. West boiler. 


Grate surface of 
Effective water-heating surface.............. 


Surface feed-water heater coil flue..... 
ToTaL QUANTITIES. 
Duration trial..... 5.5 
Fair. 
Condition rubbish Dry. 
Weight of rubbish delivered...... 81193 Ib. 
Weight rubbish picked out as: 
marketable...... 
rags... 1 800 
cans 
Weight of ash, estimated..... 10% 
Total weight of water fed to boiler....... ... 29925 ‘ 
Equivalent water evaporated, from and at | 
Number of furnace men: 9 
Equivalent man per ton............ 
LOURLY QUANTITIES. 
Rubbish consumed per 4048.5 
per square foot of grate. 35.8 
Water evaporated per 440.9 
Equivalent evaporation per hour, from and at 212°. 6 648.7 ** 
Equivalent evaporation per from and 212°, 
per square foot heating 
AVERAGES. 
Temperature of external air..................0.000e 46° fahr. 
Barometer, inches.......... 80.32 
Steam pressure gauge, 117 
Temperature feed-wate 40° 
Temperature of gases entering boiler. .............4)...ccecececeeees 
under 1 525° fahr. 
Force draft, under boiler, inches.......... 
“in flue to stack, inches. 1,30 
Boiler horse-power developed.......... 192.7 
Economic RESULTS. 
Water evaporated, actual, per pound rubbish... Ib. 
Equivalent evaporated per pound rubbish....... 1.64 


sq. ft. 


East boiler. 


Dec. 2ist, ‘05. 
5.5 hours. 
Rainy. 
Wet. 


The cost operating the plant the City, showing the debits 
and given the financial statement, Table 18. Prior 
the construction the plant, the material was loaded scows and 


taken land-fills. 


(Previous the administration Commis- 


sq. ft. 
| 60 “ 
435 
610 
13930 
10% 
24675 
4 
2582.7 
34.2 
| 4 486.2 ** 
49° fahr. 
29.64 
100 
40° fahr. 
1740° * 
412° “ 
0.55 
1.15 
158.4 
1.77 Ib. 
| 
| 
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sioner Woodbury, much this material was dumped sea.) These 
scow loads contained the collections ashes, street-sweepings and 
rubbish. The rubbish, therefore, was reduced bulk, both com- 
pression and the ashes filling the voids. 

The cost the City, for towing, unloading and scow hire, aver- 
aged, 1905, $0.1569 per cu. yd. mixed material. From study 
the records kept the City, the reduction the rubbish col- 
lected and delivered occupies three-tenths its original volume 
when loaded the scows. 

average day’s work the plant represents about 1050 cu. yd. 
rubbish delivered during hours. 


TABLE 


Cost disposal rubbish land-fills. 
1050 cu. yd. delivered, compressed scows, after 
trimming, 315 cu. yd. 


Cost, Incinerator. 


Ash removal, 7.6 cu. yd. $0.1569 $1.20 

12.48 
Saving per year, $13 483, 39.4% cost. 

Cost, Electric Lighting Station. 

Supplies, repairs and 8.00 


Saving per year, $17 250, 35% cost. 
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The total saving, shown Table 18, the combined plant 
$30 per annum, 36.7% the cost. 

There included Table cost for labor charges the 
incinerator plant, because the privilege picking out the market- 
able rubbish the belt conveyor under contract, and the con- 
tractor pays the City sum which slightly exceeds the expenses 
labor the incinerator building, including the operation the 
boilers. Taxes are not included, because the plant built City 
property, purchased protect the bridge structure overhead. 

Prior the erection the Delancey Slip plant, the Department 
Street Cleaning made tests the burning rubbish build- 
ing North Moore Street and the rubbish incinerating plant 
erected the foot West Fourth Street, with the results given 
Table 19. These experiments were carried during 1903 and 1904. 
the North Moore Street plant second-hand return-tubular boiler 
was used, with grate and setting arranged accommodate the 
rubbish. 


TABLE 19. 
North nae Street 
Moore St. ncinerator. 

Boiler heating surface, square feet............. 324 
Rubbish burned, 324 316 054 
Temperature of feed water, degrees, fahr...... 56° 50° 50° 
Equivalent evaporation, from and 212° fahr., 

Equivalent evaporation. from and at 212° fahr., 

pounds per pound of rubbish,.............. 1.40 1.48 1,50 
Temperature of furnace, degrees, fahr......... 
British thermal units required for evapora- 

tion of water from and at 212° fahr., per 


The ashes produced the Forty-seventh Street and the De- 
lancey Slip rubbish incinerating plants were analyzed the 
Lederle Laboratories, with the following results: 


§ 
q 
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Sample Ashes from West Forty-seventh Street Incinerator: 


Potassium 
Alkaline earth carbonates, silicates, soda, oxides 

iron and alumina, 68.05% 
Organic and volatile matter (loss ignition). 25.20% 


100.00% 


Sample Ashes from Delancey Slip Incinerator: 


Nails and other 5.48% 
Alkaline earth carbonates, silicates, soda, oxides 

iron and alumina, 
Organic and volatile matter (loss ignition). 25.64% 


100.00% 
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Discussion. 


ENGINEERS.” 


Assoc. Am. Soo, (by applica- Mr. Usina. 


tion the patent laws the work civil engineers presents cer- 
tain interesting peculiarities; and, connection with these, 
considered the question protecting such intellectual products 
the engineer are not reached the law. 

Civil engineers are here spoken the more restricted sense; 
not including mechanical electrical engineers, chemists, 
metallurgists, others whose works may multiplied many 
times without substantial changes; but referring more particularly 
the builders great hydraulic works, systems water distri- 
bution and sewerage, great dams, railway systems, bridges, and 
buildings steel masonry. Works the latter class cannot 
exactly duplicated. Each dock harbor improvement presents 
fresh problems. Though the details railways, bridges, and build- 
ings, and even certain large features design, have become more 
less standardized, yet there not the capability duplication 
regardless conditions which exists mechanical electrical 
machines chemical products processes. 
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Each work this sort calls for originality. scheme for tun- 
neling the East River might impracticable for the Hudson 
River; scheme for tunneling the Hudson might involve ex- 
penses entirely unnecessary other situations. civil engineer 
upon display originality each new work which arises. 
The “skill the profession” involves, not only fundamental 
edge, but ability apply constantly varying situations. 
much less degree this originality required other pro- 
fessions. 

But this originality, this inventive quality, not well re- 
warded our patent laws the same degree originality 
designing new machines. The design new pumping engine, 
for example, may multiplied thousand times, while new 
tunnel, involving greater degree invention, will capable 
use but one two locations. During seventeen years the in- 
ventor the pump receiving royalties based upon the value 
his one improvement. The tunnel engineer, the other hand, be- 
cause his work adapted only one situation, receives but 
single payment—the usual engineer’s fee. 

There are, course, some circumstances under which 
engineers have found advantageous protect patent in- 
vention which was use only one location. For ex- 
ample, the intention the Pennsylvania Railroad build tunnel 
under the Hudson River was well advertised, and the peculiar 
difficulties thoroughly discussed the technical journals, long 
before the work was let, that many engineers conceived original and 
ingenious solutions the and, order that they alone 
might their ingenuity, secured patents for the processes 
proposed. Speaking from recollection, there were more than 
dozen such patents issued about the time the work was be- 
gin. Such patent, course, may highly remunerative 
proposes plan which clearly the best, and secures for the 
patentee the contract build the work, royalty for the use 
his idea; but not likely value unless adopted this 
particular work. 

The civil engineer, however, ordinarily includes his inventive 
ability the services for which retained, and receives re- 
ward for good design except “well done” from the few who 
can appreciate the difficulties which has surmounted. Out 
this fact undoubtedly springs the skeptical attitude many civil 
engineers toward patents. One our best known bridge engineers 
recently said, patented bridge: 


“Why, there’s room for patent there! It’s merely 
application known engineering principles peculiar set 
circumstances.” 
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Yet the design the patented bridge was certainly new, and Mr. Usina. 


not safe say that any good engineer, given the same problem, 
would have evolved the same design. fact, the range possible 
solutions great make improbable that any two engi- 
neers would have arrived the same solution the problem; and 
experience shows that they seldom arrive the same solution. 
not fair, then, give the inventor the benefit ‘much 
original with him? This all that the patent law aims do. 
New principles cannot patented, nor obvious applications old 
principles; but, exchange for his giving the world the bene- 
fit his original inventive ability, the law purposes give the in- 
ventor monopoly his creation for limited term. 

The distinction which the law makes against devices the con- 
which involves only the expected skill the profession, 
illustrated case which came under the writer’s personal ob- 
servation some years ago. application was filed for patent 
for railway system, including express tracks and local tracks, 
with outside local stations and “island” express stations which 
passengers could transfer from local express trains, such now 
used the Manhattan subway. The advantages were set forth 
detail, and could not Nor could any previous record 
such system found. Yet the very liberal Examiner the 
Civil Engineering Division held that good engineer, given con- 
ditions favoring the utilization such design, would naturally 
evolve it; and the patent was properly refused. 

reference the law, the word “purposes” used advisedly. 
The work law-makers more perfect than that 
and the execution the law men introduces another fallible 
element. What “obvious” application known principles, 
distinguished from true invention involving more than the 
expected skill the profession? There are thirty-eight examiners 
the Patent Office, and each has his own standard what con- 
stitutes invention. wise provision the law, they are ex- 
pected give applicants the benefit any doubt, but, however 
the standard may stated words, there will many inter- 
pretations there are examiners. The tendency many 
examiners, and especially those newly appointed, regard 
applications for patents little better than attempts obtain 
monopolies which the applicants are not entitled, and this 
tendency results putting upon applicants the often heavy burden 
proving that they are entitled patent. 

Civil engineers have been fortunate that they have had for 
many years the head the Division Civil Engineering ex- 
aminer with broad ideas, who has upon his work not 
merely obstructive. But the writer has known applications, par- 
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tially allowed this examiner, transferred another ex- 
aminer recently appointed, and him rejected toto; and 
not because the discovery any new grounds rejection, but 
because narrower view and less familiarity with the art 
question, and probably because fear taking the responsi- 
bility allowing patent the validity which was not absolutely 
certain. The law contemplates the allowance patent unless 
clearly invalid, but this examiner refuses unless its validity 
practically certain. There are appeals, course, but they are 
expensive, and the attitude the primary examiner determines 
large degree the nature the patents from his par- 
ticular division the Patent Office. 

The ethical proposition has been advanced that the duty 
the civil engineer give the public the benefit his invention; 
that his function advance his art and assist his brethren 
doing the same thing; other words, give all engineers free- 
dom use the methods and tools which his brain has created. And 
this not only one other profession—the medical— 
the same philanthropic view held. 

But this view not inconsistent with monopoly for limited 
period time. Seventeen years, the term patent, not 
very long period the progress art, and the ultimate advance 
not retarded such monopoly. the other hand, the re- 
ward which may gathered this limited term stimulus 
invention, and just compensation for the study and the often 
heavy expense needed reduce mere idea practical and use- 
ful embodiment. The legal theory patent that con- 
tract which each party gives equivalent. The Government 
gives limited monopoly; the inventor gives the world com- 
plete description such will enable others use his invention 
when the monopoly expires. And patents have been held invalid 
for lack such full, clear and exact description will put the 
invention the disposal the public. The consideration for the 
monopoly having been withheld the inventor, the monopoly has 
also been withheld. 

The large works civil engineers are seldom duplicated 
period seventeen years, and the rewards, the shape royal- 
ties, upon patents for such works, are not numerous; but that 
rather reason for granting than for denying the patent. There 
very little danger imposing the public. The courts give 
infringer patent ample opportunity for showing, either 
publications actual works, that the patentee was not the 
original and first inventor the matter question. And though 
the grant patent the Patent Office carries with pre- 
sumption validity, yet this presumption may easily over- 
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thrown not justified fact. The law requires that the mr. Usina. 


patentee shall give full, clear and exact disclosure the inven- 
tion, that shall the true inventor, and that the conception shall 
involve more than the expected skill the Under these 
justice certainly calls for reward proportional 
the benefit conferred upon the subsequent users the invention. 

This reward noticeably great stimulus invention (and 
the extreme liberality our patent laws, compared with those 
foreign countries, certainly largely responsible for the fecun- 
dity the American inventor). There are numerous instances 
the spending years time and thousands dollars reducing 
practical, usable form conception the greatest benefit 
mankind, where the inventor’s only sure reward depended 
monopoly the perfected invention. 

patent not hindrance the progress any art. gives 
something additional what was known before, takes away 
nothing. The art may continue progress along its old lines 
the patentee should exercise his restrictive powers the limit. 
especially true civil engineering works that they may gen- 
erally built more than one way. This corollary the 
fact that two engineers will seldom arrive independently the 
same solution problem involving new conditions. Therefore, 
patent for new method building railway tunnel under the 
Hudson River, for example, will not give the patentee any in- 
fluence the matter, except far his plan clearly and 
greatly superior others. 

Engineers are often heard decry the common practice state 
and national authorities calling for original plans with the bids 
for great works, and sometimes letting the work one bidder 
carried out according the plan another. This nothing 
short piracy; the appropriation the intellectual property 
another. This abuse more often varied the appropriation 
the best features two more plans. corporations are 
sometimes guilty the same offense, but the governmental authori- 
ties are the principal sinners this direction. not always 
possible guard against such misappropriation the taking 
patents, but the designer nevertheless entitled reward com- 
mensurate with the value the thing given, and the American 
Society Civil Engineers could well establish and maintain among 
its members method procedure which would ensure suitable 
reward case such appropriation the product the 
engineer’s intellect. The remedy patent reaches limited 
number such cases; the others can reached only concerted 
action among the best engineers. This proposition concerted 
action not new; but, under existing laws, there other 
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remedy for the abuse, and would not seem difficult put 
into effect. 

line with this obviously correct view engineer’s 
intellectual property that should have the right control its 
use, and, far patents are adapted this end, they are 
reasonable benefit. the highest standing have taken 
this view. Witness the caisson and tunneling patents Flad, 
Eads, Sooysmith, and Greathead; the sewerage patents War- 
ing; the bridge patents Fink, Pratt, Burr, Howe, and Whipple. 
Some these last show constructions which are enormities the 
light our present knowledge; but, without the work these 
men and the stimulus which the patent laws gave them, bridge 
building might still far behind its present degree perfection, 

Assoc. Am. Soc. E.—This question ex- 
interesting. There are three classes engineers: the 
consulting engineer, the salaried engineer and the independent 
engineer. 

The consulting engineer, like the physician, stands high 
plane, and his reputation his patent. bound give 
the profession the benefit his discoveries. His intellectual prop- 
erty seems protected sufficiently his reputation. 

The salaried engineer, who paid certain work, may, 
course, have new ideas the result his experience. his 
invention strictly line with his work, he, course, owes the 
invention his employer. but slightly related his work, 
still his duty offer the benefit the invention his employer 
terms mutual agreement. the employer refuses have 
anything with the invention, join the expense for its 
development, the salaried engineer free act thinks best, 
but clear that not proper for him take advantage 
the time and facilities provided the employer order fur- 
ther exclusively his individual interests. 

The position the independent engineer altogether different. 
spends his own time and his own money (or that his friends) 
the field research. not employed consulting engi- 
neer $100 per day, nor salaried engineer $10 000 $20 000 
per year. works the hope finding useful improvement 
and interesting somebody his invention. Perhaps suc- 
ceeds both. patent taken, and wishes place his in- 
vention the market. What happens then? The consulting engi- 
neer resolutely sets himself against all proprietary inventions, and 
the salaried engineer dares not recommend them for fear being 
accused participation the profits. 

short time ago the speaker received letter from official 
the Water Department Albany, Y., which was in- 
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formed that the charter that city did not allow any proposition Mr. Maignen. 
for patented inventions entertained. it, then, crime 

take out patents? are considered dreamers, extor- 

tioners some engineers. this right? 

the speaker’s opinion, patents are only labels for the pro- 
tection original ideas. the patented product were not better 
cheaper than the unpatented one, who would even think adopt- 
ing the former? 

the International Engineering Congress, St. Louis, 1904, 
late lamented member the Society gave expression the 
small esteem which patents are held engineers, saying, 
effect: “Of course, there nothing perfect (in sewage disposal) 
except patent 

Another member, whom the foregoing was related, told the 
speaker friend his, who called the general manager 
great railroad corporation, and said, have come see you 
about patent.” have time for patents,” said the manager. 
The visitor retorted, “Ah! this how you manage the affairs the 
railroad; you not want look anything which less than 
seventeen years old. Good-by.” The manager’s pride was touched, 
the effect was produced, called the visitor back and had plenty 
time listen his proposition. 

Among certain engineers there feeling which has found ex- 
pression books, that, long any process patented, should 
not considered. This wrong. Every proposition should con- 
sidered its own merits, whether patented not. 

The independent engineer usually has not the means exploit 
his inventions; must appeal capital. Capital cannot en- 
listed unless the invention protected patent, but when the 
money and the patent are obtained, then the real difficulty begins. 
All the odds are against the inventor. looked upon with 
scorn pity. this should be? The Government takes the 
money the inventor order protect his intellectual property 
for time sufficient enable him recoup himself for expended 
resources and make honorable living. When the limit time 
has been reached, every one benefits the process. Where would 
the great industries, such steel, the telegraph and the tele- 
phone, they had not been protected patents? 

Our forefathers saw the difficulty. The Franklin Institute, 
Philadelphia, and Société d’Encouragement pour 
Nationale, Paris, have established special committees examine 
and report upon new inventions, and have provided funds reward 
the inventor with money premiums. 1895 the speaker received 
money prize 500 francs, from the Société d’Encouragement, for 
his work purifying water. 
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Now, would not well for the National Government, for some 
State institution, for some the millionaires who have done 
much for education, establish such society the United 
States, reward inventors the beginning, before they are dis- 
heartened the coldness and opposition interested parties? 
Their requirements would small. The independent engineer, 
inventor, does not want millions; would very well satisfied 
with what now given for short time consulting salaried 
engineers. The inventions would then put the market once, 
with every chance success, the unbiased report 
and recommendation the scientific commission which had ascer- 
tained their value, and the whole world would benefit them with- 
out delay. 


takes the only logical view the rights and duties the salaried 
engineer and the independent engineer. The prejudice against 
patented inventions, which speaks, more widespread than 
persons intelligence and good sense would suppose. The writer 
recently received request join with other patent attorneys 
opposing the passage laws, inttoduced into the Legislatures 
the enlightened States New Jersey and Ohio, providing that 
patented invention should purchased the States under any 
circumstances. 

Concerning the consulting engineer, however, Mr. Maignen’s 
position does not seem logical. His intellectual property 
not all protected; that say, its ownership not all guar- 
anteed him his reputation. There reason why the State 
should withhold from him the usual reward. The public 
degree contributor, either money work, the creation 
the invention. The only persons having any claim are the em- 
ployer who furnishes the funds, and the consulting engineer who 
furnishes the brains. 
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SEWAGE DISPOSAL. 
Informal Discussion the Annual Convention, June 28th, 1906. 


SUBJECT FOR DISCUSSION: 


The Advance Sewage 


Messrs. WHIPPLE, KUICHLING, GEORGE RAFTER, 


Assoc. Am. Soc, E.—During the last few Mr. Whipple. 
years the advance sewage disposal has been conspicuous and 
most gratifying. has been due not much the introduction 
new methods treatment thorough trying-out methods 
already known. Theories recently advanced have been put prac- 
tical test, and the published reports successes and failures have 
helped much establish the minds engineers clearer con- 
ceptions the general principles involved. Through the mist 
confused notions about septic tanks, contact beds and trickling 
filters, primary systems and secondary beds, and through the haze 
bacteriological mysteries surrounding aerobic and anaerobic 
processes, experience and common sense are forcing their way and 
developing rational and practical methods treatment. the 
new ideas, some have been already cast aside unsatisfactory, im- 
practical, too expensive, while others seem likely sink into 
innocuous desuetude before many years. few, however, have 
proved such substantial benefit that they justify all the ex- 


Mr. Whipple. 
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penditure time and money which has been devoted the study 
the subject many investigators working many lands. 

England has taken the lead these matters, and there 
that one must find the latest developments the art. one 
asks the reason for this, fitting reply found the old adage: 
“Necessity the mother invention.” The English rivers are 
small, the English cites are large and numerous, and the amount 
manufacturing carried them very great; consequently 
the streams are badly polluted, and the need sewage purifica- 
tion works pressing. Furthermore, the soil the country not 
well suited for land treatment sewage, and consequence Eng- 
lish engineers have been forced adopt other methods. This 
has stimulated their ingenuity, and given rise many modifica- 
tions chemical and bacterial processes. England, therefore, 
one can see more and learn more sewage disposal the present 
time than anywhere else the world, 

French and German sanitarians have not been idle, however, 
and the experimental work now being carried sure fol- 
lewed the construction important works suited their local 
needs. 

America the theory sewage purification has 
been assiduously studied number testing stations: notably 
the Lawrence Experiment Station the Massachusetts State 
Board Health; Columbus, Ohio; and the Massachusetts 
Institute Technology. For the most part, the results these 
studies agree with those made England Manchester, Birming- 
ham, Leeds, Bradford, and elsewhere. Few important sewage dis- 
posal works have been put operation the United States during 
recent years;.in fact, except Worcester, Mass., and Provi- 
dence, I., there are sewage purification works the first 
rank, but large plant under construction Columbus, Ohio, 
and projects are being considered for Baltimore, Md., Paterson, 
J., and elsewhere, while many small plants have been built and 
are operation. 

One the signs advancement the art sewage disposal 
the general recognition the fact that economical method 
purification must proceed distinct stages. This has. resulted 
the division processes into certain groups, the examination 
which will add much clear insight the subject. 


processes involved sewage purification may divided 
into three principal groups: 
1.—Preparatory Processes, 
Processes, 
Processes. 
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one sense these are all purification processes, they all tend mr. Whipple. 
make the -liquid sewage less offensive. Each group has many 
subdivisions, and the various methods are used all sorts com- 
binations.. The variations are chiefly for adapting the treatment 
local conditions, but too often they are due the idiosyncrasies 
the designing engineers the pernicious activities com- 
panies owning certain patent rights. 


CLASSIFICATION 


Preparatory Processes. Purification Processes. Finishing Processes. 
Screens, Sub-surface irrigation, For Clarification: 
Roughing filters, Broad irrigation, Sedimentation, 
Detritus tanks, Intermittent filtration, Coarse filtration. 
Plain settling tanks, beds, For Bacterial Im- 
Chemical precipitation Sprinkling filters. provement: 

tanks, Land treatment, 
Septic tanks. Sand filtration, 
Mechanical filtration, 
Disinfection. 


sewage purification there gradual separation the 
solid matter from the liquid; the sludge ultimately disposed 
one way and the more less purified liquid sewage another. 
Thus two more general groups must provided, for convenience 
discussion, namely: 

Sludge, 
5.—Disposal Purified Effluent. 


these may added sixth, namely: 
6.—Disposal Storm Water. 


not the speaker’s intention describe each these pro- 
cesses detail, but rather speak certain observations, con- 
nection with some them, made during recent visit England 
and the Continent. 


PREPARATORY PROCESSES. 


Raw sewage cannot economically purified the direct ap- 
plication any single process, account the complex char- 
acter its constituents. liquid which contains substances both 
organic and inorganic, which part each solution and 
another part suspension, and which the suspended particles 
vary size from banana skins down the 
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liquid which continually altering composition, and decom- 
position well, and continually varying, not only quality, but 
quantity, cannot easily rendered free from its obnoxious in- 
gredients. Some form preliminary treatment, therefore, al- 
ways used. This may mere screening filtering out the 
coarse suspended matter, may settling out the heavier 
particles, sedimentation tanks, through the influence gravity. 
Chemical even biological agencies may made assist the 
action, but, essentially, all the preparatory processes ave 
physical character. They have for their object the removal 
suspended matter order that the remaining liquid may more 
easily purified subsequent treatment. 

Screening.—Little need said about screening, except that 
large plants the use revolving inclined screens with automatic 
cleaning devices has rendered this initial step the process more 
effective than the old-fashioned bar-screens, cage-screens, which 
were lifted and cleaned hand. Birmingham there in- 
clined revolving screen which operated undershot. water- 
wheel placed the channel conveying the sewage. works under 
6-in. head, the flow being about 000 000 gal. day. The accumu- 
lations this screen, which has mesh, are dropped into gut- 
ter, where endless screw pushes them one end and deposits 
them cart. Engineers appear taking new interest 
the matter screening; finer and more efficient screens are being 
advocated, and the near future important developments may 
looked for. many places the screened material burnt under 
boilers, mixed with coal, some cases with the city garbage, and 
the power generated used various ways around the works. 

Roughing filters are used but little, although 
they have been studied experimentally number places. 
means removing suspended matter they are far less economical 
and much more troublesome than settling tanks. Where they have 
been used has generally been connection with other forms 
preparatory treatment. Salford, for instance, where, the 
opinion the engineer, they form essential part the prepara- 
tory process, they are placed between the chemical precipitation 
tanks and the sprinkling filters. 

Detritus Tanks.—The use detritus tanks, grit chambers, catch- 
pits, roughing tanks, settling tanks high velocities, they 
are variously called, very common. Their usefulness depends 
largely upon the character the raw sewage. When the quantity 
suspended mineral matter large, often cities sewered 
the combined system, places where the quantities manu- 
facturing waste are large, detritus tanks, arranged that they 
may easily cleaned without interrupting the flow sewage, are 
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advantageous. They are also helpful small plants where septic Mr. Whipple. 
tanks are used. Under certain conditions, where the screening 
process efficient and sedimentation takes places manner 
described, the detritus tank may dispensed with. England 
much thought appears have been given the design these 
detritus tanks. Glasgow, the sewage, after passing the screens, 
flows through long catch-pit semicircular cross-section. The 
sludge removed from this short intervals electrically- 
driven bucket-dredge. This moves over the pit track, lifts 
the sludge and conveys car parallel track beside the 
dredge, All this done, course, without interrupting the flow 
sewage. 

The time allowed for settlement detritus tanks varies from 
few minutes several hours. The sewage often reaches the works 
septic condition, and, were not for frequent cleaning, the 
sludge would undergo septic action which would tend interfere 
with the usefulness the tank for sedimentation high velocities. 

Plain sedimentation low velocities, 
unaccompanied the use chemicals septic action, but 
little used England, although many, not most, settling 
tanks, the chemical and biological changes are secondary im- 
portance. any the preparatory tank processes the settling 
the suspended matter gravity the controlling function. 
Within the last few years there has been reaction against the 
too exalted ideas bacterial agencies, originally set forth, and 
recognition the fact that the separation sludge from sewage 
essentially physical problem. sedimentation, modified 
mentioned later, likely play important part the fu- 
ture. 

Chemical Precipitation—Twenty-five years ago chemical pre- 
cipitation was very largely used England. Lime, lime and 
iron, alum, were considered necessary accompaniments the 
settling process. many this chemical precipitation was 
the only means purification used, the tank effluent being dis- 
charged directly into river sea, turned upon land. This 
method, very great extent, has been superseded other modes 
treatment, but even to-day there are some large cities near the 
coast which adhere the old system, notably London, Glasgow, 
and Dublin, the last-named city having new works just about 
put operation. London has nearly outgrown her works Bark- 
ing and Crossness, and although the efficiency the process 
said satisfactory, yet the volume sewage has become 
large and the quantity organic matter discharged the tank 
great that the water the Thames becomes almost 
exhausted its oxygen during the summer when the stream flow 
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diminishes. This condition which the authorities recognize 
will give rise nuisance long continued. the near future 
there will needed some process which will yield purified effluent 
better than can obtained the use chemical precipitation 
alone. account the magnitude her sewage problem, Lon- 
don has taken conservative course, and has preferred adhere 
the present method, rather than embark upon some scheme which 
has not been tested experience. This seems have been wise 
policy. The early experiments Barking, made Dibdin and 
his successors, showed the efficiency contact beds means 
purification, and have had far-reaching effects the general prob- 
lem; yet, view later studies and experience, questionable 
whether the adoption this method for treating all the London 
sewage would have been the most economical one. The Thames 
Conservancy Board and the London County Council, view 
what has already been done, can probably relied upon see that 
the river does not become offensive. Nothing more surprising 
American engineer, familiar with the Chicago, Passaic, 
Blackstone Rivers, than find that the Thames, flowing through 
the heart the largest city the world, clean—no offensive 
odors, unsightly scum, litter the shores. object 
lesson the art inspecting which may well studied Ameri- 
can 

Glasgow the condition the Clyde rather worse than 
that the Thames London. This, measure, due the 
fact that not all the sewage the city purified, but has al- 
ready become clear that chemical precipitation alone will prove 
unequal the task keeping the waters the Clyde permanently 
clean, and somewhat surprising that the new works now under 
construction should practically duplication the old plant. 
The present plants appear well operated, however, and 
doing all that can reasonably expected them. 

The use chemical precipitation preparatory process, how- 
ever, quite another matter, and instead going out use 
seems gaining favor, especially those cities where the 
quantity manufacturing waste large. order that contact 
beds sprinkling filters may operate satisfactorily and econom- 
ically, the quantity suspended matter must reduced 
minimum, fats must kept down, and the colloidal substances 
precipitated great extent possible. some cases this 
appears accomplished more easily the use chemicals 
than plain septic sedimentation. The sewage Bradford 


case. 
Bradford great manufacturing city, the center the 
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woolen industry. All the trade wastes, after settling, into the mr. Whipple 
sewers. The sewage probably the strongest and most difficult 
treat any England. The total quantity solid matter 
about 1800 parts per million, which 1100 parts are suspen- 
The quantity fats about 650 parts per million. Brad- 
ford’s present chemical precipitation works are completely out- 
grown, and extensive studies have been made during the last few 
years determine the best mode treatment. These studies have 
shown that the sewage cannot prepared for treatment con- 
tact beds sprinkling filters either plain septic sedimen- 
tation. Even with the septic period prolonged two three days 
the results were unsatisfactory. The use chemicals such 
case seems absolutely necessary. The chief difficulty treat- 
ing the sewage due the excessive quantity fats present. For 
this reason sulphuric acid has given better results than lime other 
chemicals. The acid decomposes the soaps and separates the fats, 
part which rise the surface, where they are skimmed off. 
The remainder settle with the sludge, from which they are ultimately 
recovered steam pressing and distillation. This grease recovery 
process more extensively carried Bradford than anywhere 
else England, and said practically self-supporting. Some 
sludge, instead being used for grease recovery, mixed with 
coal and burnt under the boilers. The plans for the new works 
are not fully formulated, but understood that general the 
process will consist chemical precipitation followed sprinkling 
filters. 

Rochdale, also, chemical precipitation used prepara- 
tory treatment. also, the sewage contains wool waste, and 
acid used during the day. Sulphate alumina 
also used. Hyde septic tanks are now followed sprinkling 
filters, the use chemicals having been given up. return the 
use chemicals during the day being contemplated, however, 

The use “alumino ferric” “ferrozone,” both which are 
merely crude forms sulphate alumina, exceedingly common 
small plants. Thus, within the jurisdiction the Mersey-Irwell 
Joint Committee, there are out works which alum, 
some other chemical, used connection with preparatory sedi- 
mentation processes. 

Although few instances have septic tanks been given for, 
been supplemented by, the use chemicals, engineers and in- 
spectors appear coming back the idea using precipitants 
connection with the preparatory treatment sewages heavily 
laden with manufacturing wastes. 

Septic septic tank still the subject 
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more less controversy England. still has its enthusiastic 
advocates and opponents, but present-day discussions are tempered 
with reason, and are based more fact and less theory than 
earlier days. One thing seems certain, the septic tank 
has earned its right exist. has not accomplished all that its 
originator first claimed; does not “do away with sludge”; 
does not fit the liquid sewage for further purification; not 
without nuisance. But, the other hand, does not entirely 
eliminate sludge, reduces its quantity, and alters its character; 
while, does not help future treatment the liquid sewage, 
least does not hinder it. Its chief advantage its effect the 
sludge; disadvantage the frequent nuisance from odor. 

That the septic tank nuisance many places, appears 
well established. this point the opinions the inspectors 
and residents near the works are more trusted than those 
the sewage-works managers, although even they often complain 
bad odors. The extent the nuisance depends altogether upon 
local conditions—the character the sewage, the size the 
plant, the period septicity, the nature the subsequent purifica- 
tion process, the topography the surroundings, the weather condi- 
tions, etc. would unjust suppose that the septic tank 
always and necessarily nuisance neighboring residents. Often 
not. 

The septic process anaerobic putrefactive one, and 
putrefaction, course, involves the formation odoriferous gases 
and offensive substances, Whether not these become nuisance 
depends upon their amount and the opportunity which given 
them escape into the atmosphere. Covers for septic tanks, which 
were part the original idea, prevent, some extent, the spread 
bad odors, but covers are not necessary the efficiency the 
process, are expensive, and even dangerous account the ex- 
plosive character some the gases liberated. Already several 
fatal accidents have England. Open septic tanks are 
often free nuisance. winter the septic action not vig- 
orous summer, and the products decomposition are less, 
while summer the septic tanks are sometimes covered with 
firm dense scum, which certain extent prevents the gases from 
diffusing into the atmosphere. 

illustration the density the scum, the speaker might 
mention the case small septic tank which saw Birming- 
ham, which grass was growing top the While com- 
menting this and the entire absence odor, the manager’s 
dog strolled leisurely out the tank and crossed the other side. 
fact, said that Leeds men have crossed over the septic 
tanks the scum. 
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When the odors not escape from the tanks the surface, whipple. 
the liquid effluent likely offensive, and this effluent 
sprayed into the air poured thin films over sprinkling filter, 
full opportunity given for the liberation bad odors. fact, 
may said that the most serious nuisance arising from the septic 
tank when used connection with sprinkling filter. Sani- 
tary inspectors and representatives the Local Government Board 
and the Royal Commission Sewage Disposal were all emphatic 
expressing their ideas the amount and frequency bad 
odors due this combination. From conversation with these offi- 
cials, and from personal observation, the speaker gathered the opin- 
ion that under English conditions sprinkling filters treating septic 
sewage cause enough nuisance depreciate substantially the value 
property for residential purposes within radius one-quarter 
mile from the works, the case small plants, almost half 
mile from the works, the case large plants. the sewage 
works are situated valley down which the prevailing winds 
blow summer, the nuisance occasionally extends greater dis- 
tances certain directions. plant must judged for it- 
self, however, and the foregoing estimate has only very general 
application. America, with more dilute sewages, the circles 
influence might less extensive. Meteorological conditions 
have very important effect the transmission bad odors. 
warm, muggy days, with moderate breeze, sewage plant may 
decided nuisance, while during clear, cool weather may 
attract attention whatever. This fact too often overlooked 
visitors sewage works. 

Trade wastes sometimes tend increase the disagreeable odors 
septic sewage. This particularly true brewery and dis- 
tillery wastes, which contain large quantities organic matter, 
sulphur compounds, starch, etc. The period septicity per- 
haps even more important. Much heard late about over- 
septicity, and, unquestionably, with the strong English sewages, 
the 24-hr. period required the Local Government Board often 
too long. With the weaker sewages America, and with septic 
periods properly adjusted, the bad odors due the spraying sep- 
tic sewage may somewhat mitigated. 

Practical experience with the septic tank has shown that 
tends reduce the quantity sludge. The suspended mineral 
matter sewage, course, unchanged the septic tank, al- 
though much settles through the action gravity. large 
part the organic matter also unaffected the bacterial process, 
or, any rate, remains the tank organic matter, though per- 
haps modified character. Some the organic matter sus- 
pension, however, liquefied gasified, or, use common term, 
digested. The quantity digested matter may taken ordi- 
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narily between one-quarter and one-third the suspended solids, 
and therefore the quantity sludge lessened that 
Some engineers believe that 15% saving sludge all that 
can expected septic tank through digestion. Much, course, 
depends upon the character the sewage. Apparently, domestic 
sewage better adapted the septic treatment than sewages rich 
trade wastes, 

Long standing the septic tank tends make the sludge more 
compact. Speaking roughly, may said reduce the volume 
from one-third one-half. The character the sludge becomes 
altered. This was strikingly illustrated the speaker Mr. 
John Watson, Engineer the Birmingham Sewage Works. 
With long pole withdrew portions sludge from settling 
tank which had been operation only one week and from septic 
tank which had not been cleaned for three years. The former was 
fibrous, gray color, and had marked offensive sewage odor, 
while the latter was black, granular and almost odorless. Mr. 
Watson stated that the septic sludge could spread upon land 
without offense, while the application the sludge from the plain 
settling tank gave rise very disagreeable odors. away 
with the latter, has been for some time the habit pumping 
his settled sludge into septic tanks for further treatment. 

Granting that the liquid septic effluent has virtue, and may 
nuisance when applied sprinkling filters, and granting that 
the use the septic tank has beneficial effect the sludge, 
logical improvement would appear the modification the 
manner using the septic tank maintain the advantage 
and eliminate the nuisance. This matter now being considered 
some the English investigators. The best method accom- 
plishing appears the use plain sedimentation for the 
sewage and septic treatment for the sludge alone. other words, 
the idea treat the liquid portions aerobically and the solid 
portions anaerobically. This scientifically correct principle, 
the beneficial action concerned with the carbohy- 
drates, which are chiefly suspension, case with which the 
speaker familiar has this result been actually accomplished, but 
number the idea has been partially applied. the 
Birmingham, just mentioned, the sewage passes somewhat 
rapidly through settling basins which are cleaned frequent inter- 
vals, most the liquid sewage being allowed flow certain sep- 
tanks, while the sludge pumped other septic tanks for fur- 
ther digestion. This takes care the sludge, but does not leave 
the sewage unseptic when goes the sprinkling filters. 

Hampton, England, Ault and Travis have devised what 
hydrolytic tank. This tank with upper and lower 
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compartments. The raw sewage passes laterally through the Whipple. 


compartment, while the sludge, together with small percentage 
the liquid, settles into the lower compartment, where goes 
through the septic process. But this plant, also, the liquid 
sewage becomes septic before applied contact beds. 
Macclesfield and elsewhere there are tanks for the storage sludge, 
where septic action goes on. There seems reason why the 
separation the liquid sewage from the sludge may not made 
dition, that may applied sprinkling filters with the least 
possible nuisance. 

Results Preparatory object the prepara- 
tory process, therefore, remove much the suspended 
matter possible. cannot expected remove all. The 
quantity left the sewage will depend upon the quantity the 
raw sewage and the character the process used. 

Generally speaking, the preparatory treatment should reduce the 
quantity suspended matter least 100 parts per million, and 
preferably lower figure. the case some the heavy 
English sewages, this not always accomplished, even with the 
aid chemicals, The more sludge that can taken out the 
preparatory processes without resorting the use chemicals, the 
cheaper will the cost the entire treatment. When neces- 
sary use chemicals, however, becomes nice calculation 
strike the most economical balance parts. 

After the preparatory processes, the treatment sewage 
conducted along two lines which must followed separately, that 
is, the purification the liquid sewage containing the residual 
suspended matter, and the disposal the sludge. 


All processes which essentially alter the nature sewage are 
Bacterial methods treatment are not new. The 
changes which took place sewage the older methods sub- 
surface irrigation, broad irrigation, and intermittent filtration 
were just much bacterial the newer methods of: treatment 
contact beds and sprinkling filters. The only difference appears 
that the older methods the bacterial processes were not 
watched, while the latter they are carefully controlled. 

hearsing the story the purification sewage land treatment, 
all matters regarding irrigation and intermittent filtration are 
familiar American engineers. The new ideas relate contact 
beds and sprinkling filters, both which are essentially aerobic* 


*In contact beds there may times slight anaerobic action. 
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processes carried comparatively coarse-grained beds, but 
which differ materially their manner operation and the 
disposition the sludge. 

Lest the omission intermittent sand filtration miscon- 
strued, may remarked that, the opinion the speaker, this 
the most satisfactory and economical method disposal where 
local conditions permit used. 

Contact contact bed consists water-tight com- 
partment, generally built concrete, filled with comparatively 
coarse material, such coke, clinker broken stone, and having, 
course, relatively large spaces between the grains. Sewage 
applied regular intervals few hours until the bed 
full, brief period rest given, after which the outlet gate 
opened and the liquid allowed drain away slowly. Then the bed 
stands empty for certain period, and the cycle begins again, 
Contact beds are often operated series, the effluent from the 
first being allowed flow second, and the effluent from the 
second third. The secondary beds are made finer material 
than the primary beds, and the tertiary beds are still finer. The 
sewage generally applied the top, but some instances 
the bottom. distribution made wooden troughs 
placed over the material, else the material itself ridged 
into channels, they are called England. 

The action contact bed partly physical and partly bio- 
chemical. the process properly carried out, the effluent from 
the primary beds fairly clear, and the effluent from the secondary 
beds almost entirely so. This means that the suspended matter has 
been left the pores the bed. The also non-putres- 
cent and some extent nitrified, indicating that bacterial action 
has taken place. Contact beds have controlled respiration, air 
being drawn into the bed the sewage leaves it. The oxygen thus 
admitted acts the suspended organic matter left the inter- 
stices, and, under the influence bacteria, changes it, 
part least, the condition stable humus, with the for- 
mation nitrites and nitrates. When the beds stand full the 
oxygen may become exhausted, and for brief interval 
conditions may prevail. upon the oxidation processes, how- 
ever, that the actions contact beds chiefly depend. 

The largest contact beds existence are those Manchester, 
England, where they cover area acres. They operate 
the rate about 450000 gal. per acre daily. There only one 
series beds use, but intended build secondary beds 
early date. Septic sedimentation used for the preparatory 
treatment. The contact method has been use since 1901. The 
discharged into the Manchester Ship Canal. Its quality 
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has not been the standard the Mersey-Irwell Joint Com- 


mittee, that is, 1.0 gr. per gal. oxygen consumed hours, 
although the degree purification has been fairly satisfactory for 
single contact beds. The effluent from the one secondary bed now 
operating good. 

Burnley there are both primary and secondary contact beds, 
and although the plant not large that Manchester, 
some respects more interesting plant visit. Here the 
from the secondary beds generally within the require- 
ments the Mersey-Irwell Joint Committee. The plant has been 
operation for about eight years. 

The rate filtration contact bed depends upon the char- 
acter the sewage, the size the grain, the depth the bed, the 
gal. per acre daily; with weak sewages and with efficient prepara- 
tory treatment may nearly double this quantity, but with the 
strong English sewages sometimes unsafe apply more than 
800 000 gal. per acre per day. The rules the Local Government 
Board prescribe that the rate shall not exceed gal. per acre 
daily for each foot depth when the effluent have subsequent 
treatment. Double contact beds are required when not. Con- 
tact beds naturally lose their capacity they become clogged. 
After time becomes necessary remove the filtering material, 
wash off its accumulations, and restore the beds. The coke 
clinker filling generally cleaned washing and screening 
through cylindrical revolving screens, which separate the material 
into different sizes. washing apparatus with suitable conveyors 
just essential part sewage purification works where con- 
tact beds are used sand washer modern filtration plant. 
Thus far, those which have been used have been crude and 
temporary character, and there chance for decided improve- 
ment their design. The frequency with which contact beds have 
renovated cannot now determined with certainty, many 
factors are involved and the data are yet insufficient. There 
seems feeling among English engineers, however, that pri- 
mary beds operating average rates ordinary domestic sewage 
may counted upon last from years, while secondary 
beds may last from years. Manchester renewals were 
made until the beds had been operation nearly years, and even 
now they are renewing only one-third each bed, namely, those 
parts under the grips, where the clogging naturally greatest. 

Properly operated, double contact beds yield effluents which are 
reasonably free from suspended matter and color, and which are 
non-putrescible. Many contact beds have failed because they have 
been overworked because the regimen operation has not been 
suited local conditions. 


Mr. Whipple. 


104 DISCUSSION SEWAGE DISPOSAL. 


Contact beds have one advantage over other purification pro- 
cesses. Their depth can varied will, their efficiency not 
dependent upon depth the case sprinkling filters. They 
have been built shallow ft. When sewage works are located 
that there little available head, therefore, contact beds are es- 
pecially They can operated, also, with less nuisance 
from odor than sprinkling filters, especially when filled from the 
bottom. For small gravity installations, contact beds are useful, 
they can made operate with comparatively little attention. 

Sprinkling the most important advance 
sewage disposal during the last few years the general recognition 
the sprinkling filter efficient means purification. This 
also called the “trickling filter,” “continuous filter” and “inter- 
mittent continuous filter.” The term “percolating bed” has also 
been suggested, well “spray filter.” sprinkling filter, like 
contact bed, composed relatively coarse Its opera- 
tion, however, very different. Instead being worked the 
fill-and-draw principle, the sewage applied continuously the 
surface, either spray thin sheet. The outlet gate kept 
open, and the sewage trickles down through the bed and passes out 
the under-drains, which are made large and open in- 
sure thorough aeration the entire bed. The process em- 
phatically aerobic one. Air continuously entering the bed 
with the water, and passing out through the under-drains, 
and sometimes through the sides the filter. the liquid flows 
rapidly through the bed, and sewage supposed accumulate 
the bed, there really need side walls, and some cases 
these are omitted, the material being allowed take its natural 
slope. More often, however, loose walls brick stone are built 
retain the material. 

The filtering material generally coke, clinker, broken stone. 
There some difference opinion the best size used. 
Some engineers prefer what are called “fine-grain beds” which 
the diameters the particles lie between in. and in. Thus, 
Hanley, which perhaps the best illustration fine-grain 
sprinkling filter, the material consists three equal layers which 
together make depth ft. The coarsest, which the bot- 
tom, between and in., the middle layer between and 
in., and the top layer between and in. The material used 
known “saggers,” and obtained crushing the broken pot- 
tery jars which china baked. More often “coarse-grain filters” 
are used, and material screened between and 3-in. very 
common. Both fine-grain and coarse-grain filters have their ad- 
but the latter appear generally preferred. Fine-grain 
filters yield clearer effluents, but, result, they become clogged, 
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while aeration rendered more difficult. Coarse-grain filters, Mr. Whipple. 
the other hand, not clog readily, and therefore their life 

longer and the ventilation better, but the effluent more less 

The application the sewage the bed matter great 
importance, and one which has been carefully studied English 
engineers. Many patented devices are the market for accom- 
plishing it. aeration important, the more the applied sewage 
can subdivided into small drops the more efficient will 
the process. One the earliest ways applying the sewage was 
allow flow through small holes troughs placed over the 
surface the bed. This method has been found have its dis- 
advantages. The holes are likely become filled up, and the 
troughs tend get out level, thereby causing unequal distri- 
bution the sewage. 

Rotary sprinklers are much vogue England. They con- 
sist four arms mounted central vertical shaft that they 
revolve horizontal plane immediately above the surface the 
bed. The arms are perforated only one side, and, the sewage 
being discharged through them, the apparatus made rotate, 
the principle Barker’s mill. These rotary sprinklers are now 
common England, especially for small plants, that they have 
become characteristic feature the landscape one looks from 
the car windows certain sections the country. Some the 
largest rotary sprinklers are 120 ft. diameter, and are operated 
with power instead the manner above indicated. some 
the end the sprinkler carried circular track laid 
around the bed. 

Some the objections which have been raised against the use 
rotary sprinklers are that the holes tend become clogged, and 
that the wind interferes with their rotation. They also require 
circular instead rectangular beds, although some cases several 
rotary sprinklers have been placed large rectangular beds, the 
dead corners being sprayed from fixed nozzles. The intermittent 
application sewage, which obtained the use the rotary 
sprinkler, thought some have decided advantages. 

Instead using rotary sprinklers, the sewage sometimes ap- 
rectangular beds through perforated pipe mounted 
travel back and forth laterally. This arrangement used 
Hanley. The pipe carried the ends trucks which run 
rails along the sides, and are operated electricity. 

The movable devices appear satisfactory for small instal- 
lations, but cannot applied large beds. When filters reach 
size acre more, permanent jets give better distribution 
the sewage. The first large plant this kind erected was 
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that Salford, England, but the beds which are being constructed 
Birmingham surpass area. The sprinklers there used are 
said give general satisfaction, but the managers say they grad- 
ually become clogged, and that necessary clean them out 
frequent intervals. The strainers recently devised for the Co- 
lumbus plant appear decided improvement over any use 
England. The sprays are generally operated under head 
about ft., and the applied sewage usually rises height 
ft. above the surface the bed. 

The purification which takes place the sprinkling filter due 
entirely the action aerobic bacteria. The suspended matter 
the applied sewage settles the grains, the liquid passes 
through, until gelatinous films are formed. Being liberally sup- 
plied with air, the organic matter gradually undergoes decomposi- 
tion, and changes its character, becoming somewhat granular and 
more like the condition ordinary top soil. When the accumu- 
lation has reached certain point, films this accumulated mat- 
ter break away from the grains and are discharged with the 
certain extent this process continually going on, 
that the effluent never wholly free from turbidity, but has 
been noticed that there unloading the accumulated sedi- 
ment more less regular intervals. This may caused 
accelerated rate, conditions which affect the bacterial action, 
and the action worms. This unloading sprinkling filter, 
which was first thought serious objection, now be- 
lieved its most important advantage, prolongs the life 
the bed. There are coarse-grain sprinkling filters now use 
which have been running years, and are apparently good 
condition. How much longer these filters can operated will 
noted with interest engineers. would mistake sup- 
pose that they will last indefinitely, but the material properly 
chosen and the sewage applied the optimum rate, there seems 
reason why they may not run from years before 
they are renewed. 

The rate which sewage can applied sprinkling filters 
varies according the character the sewage, the depth the 
filter, the size the grains, Deep filters can operate higher 
rates than shallow filters, and are generally 
ters less than ft. deep not operate satisfactorily, the time 
required for the sewage flow through them too short. the 
other hand, filters deeper than about ft. may involve difficulties 
ventilation and matters engineering. Depths from 
ft. are generally preferred. Experiment has shown that between 
and ft., the quantity sewage which can applied unit 
time, varies approximately with the depth, that say, 10-ft. 
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filter can take twice much sewage 5-ft. filter. The rate Mr. Whipple. 
which will give the most efficient purification varies inversely 
the strength the sewage. has been found that for any depth 
sprinkling filter there more less definite quantity 
organic matter which must not exceeded unit time 
give the best results; other words, the size sprinkling filter 
governed fully much the number people contributing 
sewage the number gallons sewage applied. The 
the Local Government Board prescribe limiting rate 
825 000 gal. daily per acre for each foot depth when the 
receive further treatment, and 162 500 gal. per acre daily when 
the effluent discharged directly the river. Considered 
the basis domestic sewage, this would equivalent, respec- 
tively, application and grams per sq. daily, 
total nitrogen. made Columbus, Ohio, Lawrence, 
Mass., and elsewhere, appear indicate that, order obtain 
effluents which are well nitrified and are not putrescible, the amount 
nitrogen applied should not exceed grams per cu. daily, 
or, other words, that each acre sprinkling filter should not 
receive sewage from more than about 2000 people for each foot 
depth. Carbonaceous matter must considered, however, 
well nitrogenous matter, and there opportunity for further 
study connection with this subject. 

sprinkling filters are operated properly they will yield 
which non-putrescible and well nitrified. coarse grains 
have been used will contain more less suspended matter, for 
the reasons above mentioned, but this suspended matter will 
very different character from that present the raw sewage. 
The purification effected sprinkling filters seems generally 
better than that obtained contact beds. 

The chief advantages sprinkling filters are: the purification 
good, the effluents are well nitrified and non-putrescible, the 
filters not become clogged except very long intervals, and the 
rate application the sewage considerably greater than can 
obtained any other process, thereby reducing the area re- 
quired. Certain disadvantages are: the nuisance occasionally pro- 
duced spraying septic-tank effluents, and the difficulty apply- 
ing the sewage properly during cold weather. The odor nuisance may 
avoided practical extent, however, reducing the degree 
septicity the sewage, that spraying stale sewage instead 
septic sewage. Experiments Columbus, Ohio, indicated that 
sprinkling filters with permanent jets can operated successfully 
during cold weather, but this has not yet been tested large 
scale. The idea has been suggested that case sprinkling filters 
fail during the winter months they may arranged 
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operated contact beds during cold weather, The climate Eng- 
land mild, even during winter, and therefore this problem 
which has not been necessary solve that country. the 
Southern States there would difficulty all using sprink- 
ling filters all seasons, and even the North there reason 
believe that ways and means will found for operating them suc- 
cessfully. 

Results Obtained Purification success in- 
termittent filtration and broad irrigation purifying sewage, 
where suitable conditions for their application exist, has been dem- 
onstrated many years experience. The practical application 
contact beds and sprinkling filters covers much shorter period, 
yet has been long enough demonstrate that these newer pro- 
cesses may successfully depended upon the plants are properly 
designed and carefully operated. The degree purification ob- 
tained varies greatly under different conditions. Sprinkling filters 
generally give somewhat higher percentage efficiencies than con- 
tact beds. 

The new processes sewage purification are sometimes spoken 
“intensified bacterial processes.” That this term well 
justified, far relates the size the works, seems evi- 
dent from the figures Table which show, very approxi- 
mate manner, the relative sizes the plants required the four 
important methods purification. 


TABLE 1.—APPROXIMATE DATA SIZES PURIFICATION 
PLANTS. 


| Nitrogen, Number of 
in grams Rate of filtration, Population acres 


per square in gallons per acre required 
meter daily. per 000 
daily. people. 
Broad irrigation............... 15000 3.3 
Intermittent filtration........ 2.5 80000 to 100 000 700 1.4 
Contact beds, ft. deep...... 300 000 000 000 0.2 
i 75 1 000 000 to 2 500 000 20 000 0.05 


Sprinkling filters, ft. deep. 


will seen from these figures that more than twenty times 
much domestic sewage per unit area can treated 
sprinkling filters the method intermittent filtration. The 
results with the new processes, sure, are not quite satis- 
factory, but the effluents are stable and fit discharged into 
streams not used for purposes water supply. The figures 
Table showing the approximate sizes plants, are not 
taken applicable any particular case, especially when manu- 
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facturing wastes are included. Each local problem must studied mr. whipple. 
itself. some instances the number acres required may 

double the figures given; often the area may considerably less. 

The rate sprinkling filters depends largely upon the size 

grain used. some recent American designs, much higher rates 

than those given Table have been recommended. 


The effluents obtained from sub-surface irrigation, broad irri- 
gation, and intermittent filtration methods require further treat- 
ment the plants are properly designed and carefully operated. 
They are usually clear enough for all practical purposes, are non- 
putrescible, and reasonably satisfactory from the bacterial stand- 
point. This, however, not true effluents from contact beds 
sprinkling filters. Contact effluents, well those from fine- 
grain sprinkling filters, may clear and even non-putrescible, 
but, bacteriologically, they are not good enough turned into 
streams which are used for public water supply purposes, into 
tidal estuaries where there danger that oysters may con- 
taminated. The effluents coarse-grain sprinkling filters are not 
clear, but contain large quantities suspended matter, already 
pointed out. 

finishing process, therefore, necessary when 
coarse-grain sprinkling filters are used. the suspended matter 
these effluents comparatively coarse and heavy, 
readily, and may removed the use shallow settling basins 
with short period sedimentation, rough filtration through 
coarse material, both. popular method England the 
present time allow the sprinkler effluent pass through 
shallow settling basin, which has narrow strip coarse filtering 
material placed along the side near the outlet. The liquid made 
pass upward through this roughing filter before discharged. 
These settling basins and filters have cleaned rather fre- 
quent intervals, fact which has taken into account 
operating expenses. The sludge, however, 
tically inoffensive, and more easily handled than that from 
the settling tanks used for raw sewage. some instances the 
from sprinkling filters applied land order clarify 
it, but this has usually been done order take advantage land 
already owned. new works are being constructed which involve 
this feature. 

Bacterial Improvement.—Experiments made the 
works and elsewhere have shown that, from the standpoint con- 
tamination, the effluent from sprinkling filters from contact 
beds better than that the raw sewage, but that, while the 
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organic matter eliminated from the sewage such ex- 
tent that the liquid non-putrescible, yet the intestinal bacteria, 
and presumably the pathogenic bacteria case the sewage in- 
fected, are not all eliminated any means, though somewhat re- 
duced number. not safe, therefore, turn the effluent 
from contact bed sprinkling filter into stream which 
used for drinking purposes some point below the point 
discharge, without further treatment. The danger the 
tamination oysters from sewage now well recognized, and this 
will have important bearing the character sewage 
many places. 

certain cases, therefore, supplementary processes are neces- 
sary order eliminate the danger infection from sewage 
These may consist disinfection, some one the 
methods used for purifying water. Broad irrigation inter- 
mittent filtration might used; mechanical filtration has also been 
suggested. Certain disinfectants, such copper sulphate, chloride 
lime, have been studied experimentally, but, far the 
speaker informed, they have not been practically used. This 
subject, supplementary treatment order minimize the 
danger from infection sewage effluents, has not yet been 
studied seems likely the near future. 


The disposal sludge the most difficult matter connection 
with sewage works, and here progress has not been rapid during 
the last few years connection with the treatment liquid 
sewage. Managers and engineers all admit that the sludge problem 
still “the problem” sewage disposal; nevertheless, some advance 
has been made late. The change from chemical precipitation 
the use septic tanks has very materially decreased the quantity 
sludge handled, and, moreover, has changed the character 
the sludge that need not now create much nuisance 
formerly. 

There are three principal methods sludge disposal: 

sea, 
2.—Application land, and 
into cakes. 


Carrying the sludge sea and there dumping ‘it, the most 
efficient means getting rid it. the most expensive, how- 
ever, and not practicable except few cities favorably sit- 
uated. 

Application land, can carried the immediate 
vicinity the sewage works, the cheapest method, but 
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likely create more less nuisance. Mr. Watson’s experience Mr. 
Birmingham, already referred to, very interesting. found 
that, while ordinary sludge from settling tanks cannot spread 
upon land without creating offensive odors, sludge which has passed 
through the process digestion the septic tank inoffensive 
when disposed this way. Such sludge, one instance, was 
spread upon 5-acre field the depth 1.5 ft., and gradually 
dried and settled until consisted layer what looked like 
ordinary top soil about in. thick. was thought first that 
crops could grown the dried sludge, but this did not prove 
practicable unless earth was mixed with it. 

Sludge cannot easily pressed without the addition lime, 
and septic sludge more difficult press than either the sludge 
from chemical precipitation tanks from plain settling tanks. 
requires more lime and more care operation. Nevertheless, 
some places done with apparent success. 

The value pressed sludge seldom equals the cost the lime 
and the pressing. some places, where the pressed cake used 
for manurial purposes, the sums received from the farmers just 
about pay the operating expenses, while other cases the process 
carried slight loss. 

Pressed cake appears have just about the same manurial 
value equal weight barnyard manure. has been found, 
however, that does not give good results fertilizer when ap- 
plied continuously year after year the same piece land. That 
one reason why its sale usually drops off few years after the 
sewage plant has been established. 

Some sewage sludges are rich fats that practicable 
use them for fuel, even recover the grease. The recovery 
the grease does not interfere with the later use the sludge 
fertilizer, the nitrogen not extracted. The sludge from 
settling basins receiving the effluent sprinkling filters much 
less offensive than ordinary sludge. can applied land with 
practically nuisance, 

Birmingham, England, where the sludge appears well 
handled, for inland city, said that the general level the 
land the vicinity the settling tanks being raised the rate 
about in. year. 


The object purifying sewage chiefly prevent from 
being nuisance sight smell when discharged into some body 
water. certain instances further demanded that the 
effluent shall satisfactory from sanitary point view, order 
avoid the danger contaminating water supplies oyster 
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The subject sewage disposal dilution and the effect sew- 


age effluents the quality the water streams and tidal 
estuaries broad that cannot brought within the scope 
this discussion, and listed merely that shall not lost sight 
general discussion the subject. 


WATER. 


many English cities are sewered the combined system, 
the disposal storm water important part any system 
disposal. The rules the Local Government Board England 
require that sewage works shall large enough treat twice the 
dry-weather flow, the case separate systems, and three times 
the dry-weather flow, case combined systems, the rates 
mentioned previously. further treatment storm water re- 
quired, volumes dry-weather flow, the case sep- 
arate systems, volumes, the case combined systems. The 
prescribed minimum rate treatment storm beds 900000 
gal. per acre daily. both cases, therefore, storm flows must 
treated one way another volume times the dry- 
weather flow. Any excess above this may discharged directly 
into stream without treatment. 

Storm water very commonly treated beds coarse ma- 
terial operated continuously long the storms last, but having 
leng periods rest between. order keep beds good 
condition, however, they are often allowed receive sewage small 
quantities during the dry periods, but care has taken that 
they are not clogged when needed for full duty. During times 
storm the period sedimentation much reduced, that sus- 
pended matter often carried the storm beds rather large 
quantities. This, together with the grease which often present 
large quantities, may give rise surface clogging. Storm beds, 
therefore, require scraped frequent intervals, have the 
upper layer material removed and washed. 

Instead using coarse-grain beds, storm water sometimes 
turned upon land. often the case, when contact beds 
sprinkling filters have replaced the older process land treatment, 
that the old areas are reserved for the treatment storm water. 


Am. Soc. E.—The excellent presentation 
the subject sewage treatment which has been given Mr. 
Whipple valuable addition our stock knowledge, 
comes from one who has devoted much time the study the 
problem, and whose previous work chemical and biological fields 
makes him unusually well qualified observe and criticize the 
results attained this respect England. The scope the dis- 
cussion, however, extensive that his paper has left room for 
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some additional remarks, which are offered the hope eliciting Mr. 


opinions that may service those who are engaged plan- 
ning operating sewage disposal works. 

most the papers and reports relating the treatment 
sewage, reference made the varying composition character 
the liquid, and the effect adding trade wastes those de- 
rived from households. general, such addition regarded 
rendering the task purifying the liquid more difficult expen- 
sive, especially when the percentage trade waste large. 
growing cities the nature the manufactures often changes, espe- 
cially the smaller towns; hence becomes desirable devise 
plant which the process treatment can varied modified 
from time time, accordance with changes the character 
the sewage delivered. 

The difficulties treatment increase when the trade wastes con- 
tain considerable quantities fat, soap, dyestuffs, poisonous me- 
tallic salts, free inorganic acids, refuse from abattoirs, tanneries, 
breweries, gas-works, textile mills, ete. the other hand, mod- 
crate quantity salts iron solution, but containing free 
acids, often regarded beneficial addition sewage, 
since such salts act chemical precipitant some the or- 
ganic matter, and tend deodorize the liquid. biological puri- 
fication, however, seems matter much importance that 
all the iron shall precipitated suitable tanks before the liquid 
applied contact beds filters, otherwise the durability and 
efficiency the latter greatly impaired. 

From these considerations follows generally that the greater 
the quantity trade waste, the more complicated must the 
plant and the process treatment, hence the recent tendency 
subjecting the sewage preliminary chemical precipitation be- 
fore applying contact beds filters for final purification. 

Furthermore, all operations connected with sewage disposal 
works, the avoidance prevention the formation and dissemi- 
nation offensive effluvia must constantly kept mind. This 
feature is, perhaps, the most perplexing and troublesome all 
the problems encountered sewage treatment, the development 
odors from decomposing organic matter obviously varies with 
the temperature and humidity the air, while their distribution 
depends the wind. often stated that fresh sewage has very 
little odor. This may true for short time after its production, 
but matter common knowledge that the air contained 
municipal sewers always unpleasant and often becomes highly 
offensive. The fact that the comminution the decomposing 
matter passing rapidly through the waste pipe from the point 
production the building the street sewer, vastly greater 
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emanating surface formed, and also that the process decom- 
position putrefaction not arrested submerging the matter 
water. 

follows, therefore, that the longer the matter remains the 
sewer, the stronger will the odor the sewage, unless the liquid 
receives, its way, addition trade waste which tends de- 
stroy the offensive gases effluvia, the case Leeds, where 
these wastes contain large percentage salts iron. For this 
reason, also, sewage which has travel through long conduit 
usually arrives the disposal works more odorous condition 
than while was the tributary sewers. cool weather the de- 
velopment effluvium reduced, and may become slight win- 
ter, but rarely happens that the odor disappears entirely; hence 
becomes expedient locate the disposal plant far possible 
from habitations. Another reason for such location the fact 
that sewage works attract multitudes flies and other insects, 
which sometimes become sources serious annoyance persons 
residing the immediate 

Even the rare cases where the sewage arrives the plant 
without much offensive odor, trouble will frequently caused 
emanations from the tanks and beds which the process puri- 
fication carried on, especially when these are large extent. 
The appreciation odor depends largely upon the magnitude 
the emanating surface, that the effluvium arising from 
area few square rods may insignificant, while that which 
comes from area acres may become intolerable. 
the latter case either the plant must removed, the adjoining 
lands must bought and made part the works, else the tanks 
and beds must covered, and the effluvia carried chimneys far 
enough above the surface the ground avoid nuisance. This 
latter process usually very expensive, and has not yet been 
undertaken extensive works. 

stated Mr. Whipple, the coarse suspended matter sew- 
age always removed mechanical means order reduce the 
quantity sludge much possible. Various devices have been 
tried, but the simple inclined grating with bars about in. apart 
commonly used the larger English plants. Few data concerning 
the quantity material thus extracted are available, and the only 
record that the speaker has now hand that relating the 
screens Charlottenburg, where, 1902, approximately cu. 
solid matter was obtained, the average, from every 250 
cu. (3500000 gal.) sewage. There also tendency 
toward obtaining higher efficiency the detritus tanks which 
sand, pebbles, cinders and other heavy mineral matter settle before 
the sewage reaches the large sedimentation tanks. Manchester, 
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from dry-weather flow about 29000000 gal. per day, the Kuichling. 
screens and detritus tanks yield about tons matter per week; 

but times heavy rain they have yielded much 140 tons 

single day. 

Most the recent investigations the subject England and 
Germany have led the conclusion that from two-thirds four- 
fifths the putrescible organic matter, which carried sus- 
pension the sewage, can removed simple sedimentation, 
and that, many cases, the effluent from such tanks may safely 
discharged without further treatment into relatively. small rivers, 
when the same are not used for water-supply purposes. This opin- 
ion was also entertained years ago, after some experience had been 
gained with sedimentation alone, but was crowded aside the 
promoters various chemical processes, well those who 
sought for still better results other means. is, therefore, in- 
teresting note the revival some former doctrines and the con- 
firmation their soundness the newest methods research. 

Associated with the efficiency simple sedimentation the 
old project attaining the same end mechanically screening 
the sewage through sieve having very small meshes. Many ex- 
periments this direction were made former times, but were 
abandoned because entirely clear effluent could not pro- 
duced thereby. The demonstration the fact that, many cases, 
clearness and sterility effluent are not essential features sew- 
age treatment, will probably also lead the trial other screen- 
ing devices the hope avoiding the great expense existing 
processes. 

Where chemicals are used for precipitating the suspended mat- 
ter, the quantity ranges general from 2.8 9.4 gr. per gal., 
from 400 1340 lb. per million gallons. Lime used rates 
ranging from gr. per gal.; sulphate iron copperas 
from 0.82 4.67, and alum compounds iron and aluminum 
sulphate from 1.29 7.01. The quantity used varies with the 
character and strength the sewage each case, and also with 
the nature the trade waste; and most cases variation the 
rate admixture made different hours each day. 

settled practice seems have been established regard 
the form and size the sedimentary and finishing tanks and the 
total storage volume provided. 1903 the requirements 
the Local Government Board were that the works should capable 
purifying, satisfactory manner, least six times the daily 
dry-weather flow, and that three times this flow should purified 
the same manner when rainfall occurs. When the dis- 
charge three times the dry-weather flow, the tanks double- 
treatment system may emptied twice and filled three times 
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the course hours, that the storage capacity shall equal 
the daily dry-weather flow. addition this standard capacity, 
one more storage units must held reserve for use case 
repairs some the others. Where the purification done 
only one set tanks, the storage capacity should equal 1.5 
times the dry-weather flow. may remarked, however, that 
these requirements are not usually fulfilled, and that, the ma- 
jority cases, the storage capacity not more than one-half the 
daily dry-weather flow. 

The most important result the recent investigations, however, 
that the new methods treatment have not succeeded elimi- 
nating the production sewage sludge. While true that 
appreciable reduction the quantity sludge effected the 
septic process, yet enough this objectionable matter remains 
cause serious embarrassment and expense large plants. far 
can now foreseen, will necessary remove such matter 
periodically from both sedimenting and septic tanks, well 
from contact beds and filters. The frequency these operations 
obviously depends the character the sewage and the trade 
wastes, and the data are not yet sufficient admit the formula- 
tion reliable estimates this respect. may said, therefore, 
that the new processes have been somewhat disappointing, and 
that there still room for much improvement. 


the discussion before the International Engineering Congress, 
St. Louis, 1904, this topic might more properly stated as, 
“Has there been any advance sewage disposal,” and does mean 
advance sewage disposal the United States, England, 
the whole world, where? far the writer concerned, the 
will discussed chiefly from the point view advance 
sewage disposal the United States the last few years. 

Engineers must England for the bulk the information 


‘about sewage disposal, although fifteen years ago, the State Board 


Health Massachusetts, with its classical experiments in- 
termittent filtration, for time led this specialty. Later, the 
palm went England, and has since remained there, the most 
the work done here recent years being largely the lines laid 
down the English experimenters, that, to-day, one wants 
the present practice, must the report the Royal Com- 
mission Sewage Disposal, where, with unparalleled wealth 
detail, nearly every phase the subject has been considered. 
For the last few years, American investigators have allowed the 
palm remain England, but hoped that any further 
work undertaken here, new lines may worked out re- 
verse this, some extent. 
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While the foregoing somewhat sweeping, nevertheless there Rafter. 


are individual examples creditable advance sewage disposal 
work America, but the statement made that, regards the 
broad lines, the advance England the last few years has been 
much more rapid and more material points than the United 
States. The writer will not discuss the relative points, because 
they ought obvious any person familiar with sewage dis- 
posal. 


given remarkably clear and interesting account the present 
status the sewage disposal problem England, but the speaker 
regrets that has confined himself the practice there, where 
conditions are divergent from those which obtain the ordinary 
American city that, many respects, the problem entirely differ- 
ent. states that one must England find the latest devel- 
opments the art sewage purification. undoubtedly true 
that the latest developments are found there, but the speaker 
believes that America the highest development exemplified 
intermittent filtration may found. The great interest recent 
English experiments has, some extent, obscured this system which 
has been developed America meet American conditions, and 
which has proved successful many places. 

recent editorial one the leading engineering papers the 
following statements were made: 

“The rise intermittent filtration has reached its culmination. 
now known that much more expensive than was formerly 
anticipated, and the character the effluent which furnishes 
often unnecessarily good for discharge into the body water receiv- 
ing the purified sewage. One one the intermittent filters con- 
structed New England, number years ago, are becoming 
clogged and inoperative, except very low rates, and the heavy 
initial expense, which usually necessary for such filters, recog- 
nized merely forerunner heavy maintenance charges.” 


These statements, one familiar with the New England inter- 
mittent filtration works, are amazing. The intermittent filtration 
areas Massachusetts, almost without exception, purify the sewage 
satisfactorily during nine ten months the year. The purifi- 
cation practically satisfactory cold weather warm, 
until the accumulation solid matter the beds, during the time 
when the surfaces cannot cleaned account ice, becomes 
great cause clogging. Not one the plants becoming inop- 
erative, although several have been outgrown, and the sewage 
discharged upon them during the spring months more than they 
can purify satisfactorily. 

The only serious difficulty which experienced the opera- 
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tion the plants that due the clogging the beds the late 
winter and spring, after the surfaces have been inaccessible for 
several months. such times, not only are the surfaces the 
beds clogged the accumulated solid matter, but the flow 
sewage its maximum. purify the sewage such times, 
with plants now constructed, necessary provide area 
least twice great that which would required during the 
remainder the year. During the time when this trouble expe- 
rienced, the flow the streams high, and the discharge 
unpurified sewage directly into them likely cause little offence. 
Massachusetts, however, the State Board Health objects the 
discharge unpurified sewage from purification plant any 
time, insisting that the plant shall sufficient capacity meet 
the greatest demands. this high standard adopted the 
Massachusetts State Board Health which probably responsible 
for the opinion regard intermittent filtration given the 
editorial quoted. 

The satisfactory results from intermittent filters are obtained 
spite the fact that many them are badly neglected. This, 
seems the speaker, one the great advantages the sys- 
tem. The plants, well designed the beginning, give results 
which are much more satisfactory than those obtained the more 
rapid systems, even though neglected, they are sure many 
cases, especially the smaller cities and towns, while the rapid 
systems require constant and intelligent care. 

The intermittent filtration areas New England are purifying 
the sewage from 500 2000 persons per acre—a much greater 
quantity than was anticipated. With improvements construc- 
tion and with the adoption suitable works for the removal 
portion the solid matter, probable that the ordinary sewage 
from 1500 2000 persons can disposed satisfactorily 
each acre filter beds. 

The cost maintenance intermittent filtration areas depends, 
considerable extent, upon their size, but, for the larger works, 
from cents per year per person contributing sewage, 
and, with increased knowledge regard the maintenance the 
beds, this figure being decreased. 

Failure realize the difference conditions different places 
has resulted mistaken idea the quantity sewage which 
can treated the various systems purification. The figures 
usually given for intermittent filtration are for fresh sewage from 
which none the solid matter has been removed. The figures given 
for the capacity trickling and contact filters, the other hand, 
are generally those for septic sewage least for sewage from 
which large proportion the solid matter has been removed. 
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the experiments recently made Columbus, Ohio, was shown Mr. Johnson. 


that the quantity sewage which could purified intermittent 
filtration was about one-eighth that which could purified 
trickling filters, similar sewages being used each case. the 
few intermittent filtration works New England where there 
thorough preliminary treatment the sewage, quantities sewage 
amounting 250000 gal. per day are purified acre sand 
filter beds. Furthermore, comparing the work which can 
done the various systems, must remembered that 
essential the case trickling filters construct ‘works for the 
further purification, least clarification, the effluent, make 
all comparable with the effluent even from overworked and 
badly managed intermittent filter. Experience the operation 
the two classes filters tends show that larger quantities than 
were anticipated can purified intermittent filtration and 
smaller quantities trickling filters. When the cost main- 
tenance and the cost renewals the filtering material are taken 
into consideration, will found that intermittent filters can 
frequently compete with the so-called rapid filters, even when 
necessary convey the filtering material for these filters from 
considerable distance, and the results obtained intermittent filtra- 
tion are sure much more 

this discussion the speaker simply wants emphasize the 
fact that developments the art sewage disposal England 
not necessarily apply American conditions, and that the most 
recent development may not the highest. Intermittent filtration 
not stage the development sewage purification which has 
been passed which even passing, but represents to-day the 
highest development the art sewage purification under Ameri- 
conditions. 


Assoc. Am. Soc. E.—The subject sewage Mr. 


disposal quite extensive, and the speaker will simply draw atten- 
tion few points for further consideration, presenting these 
points the form questions. 

The first question is: desirable screen the sewage that 
goes into the septic tank? 

the so-called septic action consists the decomposition 
dead organic matter bacteria and its reduction inorganic 
substances, would appear the more food allowed into 
the septic tank, the more strenuous and complete would the sep- 
tie action. 

well known that all portions what has once been liv- 
ing body, vegetable animal, which have been cut off the trunk, 
deprived life, well all animal excretions, commonly called 
matter, are destined, whether they water, sewage, 
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any other moist environment, decomposed certain 
kinds bacteria, which, unless fed new material, die after hav- 
ing done their work. 

Place bottle, other vessel, full fresh sewage, upon 
table shelf, and examine the bacterial process. One may find 
the first day, for instance, bacteria per cu. the second 
day, 1000000, and the third day, 2000000. The number may 
increasing for certain number days; then comes the time 
when the increase ceases, and, the contrary, the bacteria begin 
die out; that, supposing the number have been, say, 000 
the fourth day, may, the tenth day, have fallen 000 000, 
the fifteenth 1000 000, the twentieth 500 000, and the 
thirtieth day the number may reduced low 

The offensive odor, which rises from sewage state de- 
composition, indicates the presence and work the bacteria. 

When crude sewage emptied into rivers, the decomposition 
distributed over large area, and the quantity gas produced 
any one place hardly noticeable. But, under these conditions, 
may easily understood that infection can carried long 
distance. infection meant the entrance, into the human sys- 
tem, bacteria which have been living dead, diseased, ani- 
mal organic matter. 

Water, taken barrels ships from rivers known pol- 
luted, such the Delaware River, becomes foul after few days 
sea, but later becomes sweet and pure. this time, all fer- 
mentation putrefaction has ceased. The same thing occurs 
rain-water tanks, cider-making, and wine-making. long 
there appropriate food, the bacteria thrive and increas- 
ing until, the last act, they all die, Shakespeare’s plays. 

The question, then, may asked: Why should not all the ma- 
terial that comes from the sewage enter the septic tank? Why 
should any part the food which help the septic action 
taken out 

The next question is: What manurial value, any, there 
fresh sewage, the sludge scum septic 

few weeks ago, Dr. Samuel Dixon, Health Commissioner 
Pennsylvania, drawing public attention the danger in- 
fection from sewage, laid particular stress its fertilizing value, 
which wasted under present conditions, order, therefore, 
ask whether would not possible with the sewage 
towns what being done with farm refuse? the action 
destroy all manurial value, does leave some, and so, how 
much? And would not desirable study, more thoroughly 
than has hitherto been done, the utilization fresh sewage? 

The speaker aware that this not new question. Thus, for 
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instance, sulphate ammonia extracted from the product Mr. 


odorless excavations Paris, and fresh sewage thrown farm 
lands many places, but occurs him that there are not enough 
data the United States the whole question the manurial 
value fresh sewage, the residue septic tanks. 

Paris new fields are being constantly added for the filtration 
sewage what known broad irrigation, but these have 
not kept pace with the requirements. The rivers are more polluted 
than ever with the overflowing raw sewage from the sewage farms. 
The reason that the fatty and greasy substances not decom- 
pose but turn the sand soil into kind putty, which prevents 
filtration, that the ground ceases absorb liquids the desired 
quantity. 

course times rain and frost much the raw sewage 
goes directly into the rivers. appropriate, therefore, ask 
for thorough investigation the question utilizing the 
manurial properties sewage, both what has been done, and 

general rule, chemicals, such iron copper, are inimical 
vegetation, but this may not the case with lime, which has 
been used extensively sewage purification. may that, 
those countries which the soil poor lime, and where lime 
actually spread the fields enrich the soil, the use this 
earthy salt, for sewage purification, would desirable. Lime, im- 
pregnated with partly decomposed organic matter, may have ac- 
quired some additional manurial property which would pay for the 
trouble utilizing sewage purification. Any information 
this subject might prove interest. 

The speaker would like ask Mr. Whipple the cost 
sewage treatment England per million gallons the various pro- 
cesses which has described. 

thought now the speaker, which perhaps might 
better have been mentioned earlier the discussion, but which 
interest submitted for consideration. 

has been seen that sewage and water, which contain organic 
matter, pass through stage fermentation, attended, some 

ases, with the production gas; and that after time such sewage 

water becomes odorless and innocuous; other words, that the 
multiplication bacteria not without limit time, space, 
number. Take, for instance, gelatine plate which bacterial 
culture made. first mere points dots are seen, which are 
called colonies; some these points remain small, while others 
grow larger and attain different dimensions, varying from 
in. diameter, and then they stop. The bacteriologists might 
perhaps tell why there this limit growth, and why single 
colony does not grow cover the whole plate? 
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There are some liquefying bacteria which, allowed, would 
decompose the whole gelatine, but there are others which remain 
within specific limits. 

supposed that the product bacterial metabolism 
poisonous its own kind, would the case too many persons 
were confined closed room where the carbonic acid exhaled 
would poison the people confined. The same phenomenon probably 
the case sewage, and perhaps this may accounted 
one the causes so-called self-purification. 

conclusion, the speaker would like ask Mr. Whipple 
whether, his last visit Paris, took ride boat the 
This used one the sights Paris, much the 
Tour Eiffel. sewers are large enough pass the flow 
sewage and also furnish room for water-pipes, gas-pipes, ete. 
When the speaker was Paris, understood that these sewers 
took only the surface water, and would like know whether 
house sewage now allowed mix with it? 

Ports, Assoc. Am. Soc. (by Whip- 
ple’s paper exceedingly interesting discussion the sewage 
disposal plants studied him while abroad, and, such, 
valuable addition the ever-increasing literature sewage dis- 
posal. 

While the paper treats English methods and their application 
American cities, does not treat American practice, rather 
what American conditions are bringing about contradis- 
tinction what English conditions have evolved England. 

apparent all that each municipality having live ques- 
tion sewage disposal must study its own particular 
This study involves the concentration the sewage, the time re- 
quired reach the disposal plant, the degree purification con- 
sistent desired, the quantity manufacturing wastes, the filter- 
ing material locally available, and the financial standing the 
municipality. short, complete case individual study, 
just each case that comes physician individual study. 

England the symptoms are different, and the available reme- 
dies are also different. Americans are lavish users water, and 
their sewage much more highly diluted than English sewage. 
speaking disposal plants, one could use the terms, persons per 
acre square feet per person, for filter beds, and, feet per 
person, for sedimentation tanks, the data from different communi- 
ties and cities would more comparable, reference water con- 
sumption per capita would avoided. America, filtration the 
distinctly American practice, and sewage purification could well 
called “the filtration highly polluted water,” “the filtration 
dilute sewage.” The term “purification public water supplies” 
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seems misnomer. all surface waters are more Potts. 
polluted, generally conceded that all need some treatment be- 
fore use. treating these waters true that purification at- 
tempted, but ever achieved? The time not far distant when 
the field the so-called specialist the filtration public water 
supplies (polluted water), and the specialist sewage disposal 
(the filtration highly polluted water), will one and the same. 
Sewage water, and though highly polluted with human 
excreta and waste, water, nevertheless, and carries certain 
definite quantity organic matter per gal., per 100 gal., per- 
haps per 300 gal., according what the per capita consumption 
water may be. 

The great number American sewage disposal plants that have 
been built, and the tendency the times seem indicate that fil- 
tration through sand beds, natural artificial, the and 
ultimate step the attempted purification sewage. Nature’s 
own method, and the life the sand beds can saved and the 
cost maintenance cheapened introducing sedimentation tanks, 
contact beds, coarse primary filters, scrubbing filters, sprinkling 
filters, the final and principal step will still filtration. The 
only thing achieved these preliminary steps the reduction 
the number square feet filters required for each person 
contributing organic matter the sewage. For each individual 
case sewage disposal there economic limit the size 
filters, determined the cost the preliminary steps leading 
filtration. some localities where preliminary 
give non-putrescible effluent, not worth the added cost 
build filters; but the time not far distant when the needs 
society will compel, all cases, the highest degree purification 

population approximately 20000, about one-half which 
tributary the city sewers. The system consists miles 
sewers, about 60% which are the combined plan, and 40% 
are used for domestic sewage only. Automatic overflows divert 
portion the sewage directly into the creek times storm. 

The sewage rather dilute most the time, due part 
leakage into the old combined sewers; and there are manufactur- 
ing wastes complicate its composition. The average daily quan- 
tity sewage treated the disposal works about gal. 

The disposal plant consists covered septic tanks and contact 
beds. There are four tanks, each 100 ft., with average 
depth ft. This gives total tank capacity 1000000 gal., 
about hours’ flow. automatic floating weir secures con- 
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stant discharge from the tanks. This causes daily fluctuation 
about in. the elevation the surface the liquid. 

There are five contact beds. Each filled with ft. specially 
prepared cinders, and has area acre, making total area 
acres. 

The sewage enters the septic tank through four 12-in. pipes, 
ft. apart and ft. below the surface the liquid. The sewage 
drawn off the lower end each tank through 2-in. pipes dis- 
charging into collecting channel, outside the main wall the 
tank, about ft. wide and ft. deep. The sewage flows from this 
channel through the floating weir into 18-in. pipe leading the 
aerator, and thence the contact beds. 


After years’ operation was found that these outlet pipes 
had become clogged such extent that the sewage could not 
pass from the tanks. was decided, therefore, the local authori- 
ties, that cleaning was desirable. The actual deposit sludge 
the tank the time cleaning was only ft. the upper end 
and ft. the lower end. The collecting channel contained de- 
posit in. deep. 

Two theories are presented explain the clogging the 2-in. 
outlet pipes: First, that the increased bacterial action the bottom 
the tank, which takes place the spring, caused the sludge 
rise and carried into the 2-in. pipes; and second, that the accumu- 
lated suspended matter the outside collecting channel became 
great cover the outlets these small pipes and clog them. 
this last theory true, then the cleaning the septic tanks this 
time was not necessary. 

The removal the sludge from one the tanks was effected 
drawing off the supernatant sewage and then opening the sludge 
valve and flushing the sludge directly into the creek. This flushing 
was directed men who entered the tank and aided the work when 
necessary. was found that the sludge was such pasty con- 
sistency that would not flow readily, but needed considerable di- 
lution. 

After cleaning the first tank, the stage the river decreased 
decided extent, and was not thought wise adopt this 
method with the remaining three tanks. Therefore, framework 
with hoisting apparatus was erected turn over each the man- 
holes the other three tanks, and barrels were lowered into each 
and filled five men working therein with buckets. said that 
about 250 bbl. sludge were removed each day this method. 
Each barrel, after being hoisted height ft. above the top 
the tank, was discharged tipping into sluice-way which led 
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down steep embankment small piece low, marshy land ad- mr. Pratt. 


joining the works. 

The total quantity sludge removed was about 1200 cu. yd. 
The cleaning the tanks required men for weeks. The 
cost was about cents per cu. yd. Based average daily flow 
gal., the accumulation the tanks, during the years 
service, was about 0.8 cu. yd. wet sludge per million gallons 
sewage. 

The sludge was deep black color, but had appreciable 
odor; that is, with the wind blowing directly from the pool 
sludge deposited the low land, adjoining the works, practically 
odor was carried more than 100 200 ft. warm and clear 
day. Sludge, which had been accidentally spilled around the top 
the manholes, turned from black to.a dark brown few days; 
and then, when dry, was little more offensive than ordinary garden 
earth. The change color was apparently due the oxidation 
the iron sulphide contained the sludge. 

noted from the following analysis, this typical septic 
sludge, and apparently has been worked over bacteria 
render comparatively inoffensive. The analysis shows the sludge 
very similar composition that found the septic tanks 
the Columbus, Ohio, Testing Station after months’ operation.* 


ANALYSIS SLUDGE FROM MANSFIELD Septic 
First Cleaning After Years’ Use. 
Specific Gravity 


Volatile 

Nitrogen 

Fats, acid 

FeS 


The experience Mansfield particular interest showing 
that possible operate septic tank continuously for years 
without any serious accumulation sludge; and that the sludge 
can discharged into the open air and deposited ground near 
the plant without creating offensive conditions. This seems 
conform more closely with European experience, reported the 
United States, than anything which has hitherto come under the 
writer’s observation. 

Acknowledgment made Mr. Keith, City Engineer 
Mansfield, for information relating the cost the work. 


Report Sewage Purification for Columbus,” George Johnson, 1905, 181. 
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Am. Soo. E.—The speaker has been very 
much interested Mr. Whipple’s exhaustive statement the 
present status sewage purification. careful examination 
the history the art, made recently, has been somewhat illumi- 
nating see how many times things supposed have been re- 
cently discovered had been discovered long before, and sometimes 
several times before. 

Looking back along many the lines thought commonly 
supposed original with recent minds, will found, often 
most unexpectedly, that somebody, with great manifestation 
joy, has thought that thought before, and written and talked about 
it, often with great deal interest, and often with great deal 
value his time and place. 

take example: Perhaps not everyone those interested 
sewage disposal has known the work Dr. Alexander Mueller, 
who, about 1869 1870, was City Chemist Berlin. Dr. Mueller 
was very much interested sewage disposal; made important 
experiments, and developed the idea that the dissolution organic 
solids initiated small, leaven-like organisms, the character and 
habitat which studied experimentally. Dr. Mueller published 
account those experiments, and described bacterial action 
language very closely resembling some that used recent litera- 
ture the subject. 

Coming down little further: Mr. Louis Mouras, French- 
man, made sort re-discovery Dr. Mueller’s discovery, and 
succeeded finding friend who had imagination and journal, 
and there may found his ideas bacterial ferment described 
very clear language—language which resembles that used the 
descriptions written recent years Mr. Scott Moncrieff, Pro- 
fessor Dibdin and Dr. Rideal, the same subject. 

Mr. Mouras had opportunity try his invention extensively 
Paris, and with quite good deal success. Then Signor 
Paglioni, Italy, seems have picked the same line thought, 
and worked it; and Col. George Waring, Jr., America, 
seems have been early the field; and, even England, Sir 
Henry Austin, far back 1852, described apparatus for the 
purification sewage, and the different stages reduction, 
language which quite readable to-day, and would appeal in- 
telligent men being line with much that has been written re- 
cently. 

And seen that this really very old subject, one that 
has been worked over great many minds, many places, and 
many times, and to-day are joyfully re-discovering great 
many things which have been somewhat well discovered before. 

the same time, there one interesting episode, which de- 
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velops from study the history the art, which impressive, Mr. Alvord. 


and that the fact that possible for the thought the time 
led away from the best lines development misdirection. 

The discoverers who have been mentioned developed their ideas 
about innate bacterial action the infancy the era bacterial 
thought, and even prior its general acceptance; and while 
now considered that their work was along right lines, their ideas, 
although published, were not always absorbed into the active dis- 
cussion the time, or, where discussed, often failed impress 
their importance properly upon the majority contemporary 
minds. Thus, curiously enough, one looks back upon it, there 
came into use, contemporaneously with the rise bacterial discov- 
ery and the positive knowledge that the organic solids and organic 
solutions are reduced bacterial action, diametrically: opposite 
method dealing with sewage, which set back the advancement 
this art least twenty years. 

This curious retro-action was caused the enthusiastic intro- 
duction antiseptics the disposal organic waste. The idea 
introducing processes which have the practical effect tem- 
porarily checking bacterial life sewage rapidly gained ground. 
this way the ordinary reductions Nature, such see going 
everywhere under our eyes, the fields and the forests, were, 
sewage disposal plants, temporarily stopped and postponed, with 
very great apparent advantage. 

Thus, along with some the best thought this line work, 
and the very inception the bacterial era, came retro-active in- 
fluence the art sewage purification which reduced the prac- 
tical value good ideas small, but working, minority, and time 
only slowly vindicated the work those who early date had 
positively identified innate bacterial life the active agent the 
reduction organic wastes. 

For long time those the minority, whose work was little 
appreciated, were obliged wait until, the advancement the 
art, the important facts which had been previously pointed out and 
placed record had been generally accepted. 

may well enough, the common interest science, dis- 
cover and re-discover things which have been well discovered before, 
but far better not lose sight any scientific advancement, 
however slight insignificant, which has once been placed 
record. The history the art sewage purification curious 
instance where proper advancement has been made, recorded and 
discussed, and then, for almost generation, lost sight mis- 
directed thought. 

must always borne mind that there this danger, that 
the majority, body, may lose sight valuable ideas—ideas 
which lie the foundation all advancement. 
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Mr. Gregory. Assoc. Am. Soc. E.—Mr. Whipple has 


given clear description sprinkling filter, applied the 
purification sewage, that little further need added regarding 
the general construction this type; but especial attention called 
one very important consideration, namely, the distribution 
application the sewage the surface the filter. 

England two methods application are use: One 
means movable mechanical distributor operating track 
just above the surface the filter, and the other series 
fixed distribution pipes with nozzles frequent intervals through 


Adjustable | 
outer cone 


Lock nut 
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| 
epauuine NOZZLE USED AT SEWAGE TESTING STATION, COLUMBUS, OHIO. 
1. 


which the sewage sprayed upon the filter, the two methods ap- 
parently giving equally satisfactory results. 

not the speaker’s intention discuss length the relative 
merits the two methods, but may not amiss say that 
localities where the winters are long and cold, where there are 
extended periods cold weather, probable that the movable 
mechanical distributor would not give satisfactory results, due 
trouble caused ice and snow. Under such conditions properly 
designed system distribution pipes with sprinkling nozzles 
would preferable. 

1904 and 1905 the City Columbus, Ohio, carried ex- 
tensive series experimental investigations the purification 
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sewage, testing station especially constructed for the purpose, Mr. Gregory. 


and among the devices investigated were number sprinkling 
filters. Various methods applying the sewage the filters were 
tried, and, without going into details the methods which were 
found unsatisfactory, will suffice say that sprinkling nozzle 
designed under the direction Mr. George Johnson, Engineer 
Charge the experimental investigations the testing station, 
was finally adopted giving the best results. This nozzle shown 

The nozzle consists inner 60° hollow cone, in. outside 
diameter, and tapped the base for pipe. Threaded upon 
this inner hollow cone outer 60° hollow cone, the outer cone 
being adjustable and held position lock-nut. 4-in. 


flathead brass 


Q k wachine serew - 


Easy fit 


Smecoth bore —~ | 


SPRINKLING NOZZLE ADOPTED FOR SEWAGE PURIFICATION WORKS, COLUMBUS, OHIO. 


brass pipes pierce the shell the inner cone, projecting inward 
angle 45° with the vertical. The sewage discharged through 
these eight pipes into the adjustable space between the inner and 
outer cones, leaving the outer cone tangential direction the 
top. leaving the nozzle, the sewage for short distance remains 
the form thin sheet, and then breaks into spray fine 
drops, falling upon the filter the surface included between two 
concentric Under normal conditions, the nozzle discharges 
under head ft., measured its base, and when thus operating 
70% the surface the filter tributary the nozzle (43.5 sq. ft.) 
was wetted the spray satisfactory manner. There is, how- 
ever, one serious objection the nozzle, that the orifices clog, 
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and, although the sewage the testing station was screened, the 
nozzle had cleaned once twice each day. 

The successful operation the sprinkling filters the testing 
station led their adoption the sewage purification works now 
under construction Columbus. These filters will have area 
acres, the sewage being sprayed through 2108 sprinkling 
nozzles, spaced ft. in. from center center. From the ex- 
perience gained with the nozzle used the testing station, order 
that the maintenance the permanent works might reduced 
minimum, was evident that nozzle must designed which 
would free from clogging. extended study many types 
nozzles was made, under the direction the speaker, from which 
was concluded that one having single orifice would the most 
suitable, being least likely clog. series tests was made 
with experimental device, the result which was the sprinkling 
nozzle shown Fig. which has been included the contract 
for the permanent works. 

The nozzle, which brass, consists single orifice, 
in. diameter, with rounded edges, above which, held two thin 
arms, inverted 90° cone, the axis the cone coinciding with 
the axis the orifice. The jet, leaving the orifice, impinges 
against the cone and transformed into thin sheet, spreading out 
radially and breaking into shower fine drops. the points 
where the sheet strikes the arms, the latter are ground down 
sharp edges each side, thereby permitting the sheet heal en- 
tirely after passing them. Under normal conditions the perma- 
nent works, the nozzles will required discharge about 
gal. per min. series experiments was made with one these 
nozzles, and was found that varying the head from 
minimum 2.75 ft. and discharge gal. per min. 
maximum 5.0 ft. and discharge 13.5 gal. per min., 77% 
the surface the filter which will tributary each nozzle 
the permanent works (206.6 sq. ft.) was covered perfectly sat- 
isfactory manner, these figures allowance made for the 
effect wind, but, large unprotected area, 
the effect the wind will such increase 
materially the percentage surface covered. 
The principal advantages the nozzle are: Its 
simplicity, the single orifice, freedom from 
clogging, small head, satisfactory spray, large 
percentage area covered, and low cost. 

Another type nozzle which received careful 
study shown Fig. Although this type 
may have some advantages, the single orifice 
its greater freedom from clogging. 
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Fig. shown the nozzle used Salford, England. Gregory. 
will seen, some respects similar the one used the 
testing station, and, from few experiments, was found that 
its action was very similar. Both the Salford and the testing 
station nozzles require greater head than the nozzle adopted for 


SPRINKLING NOZZLE USED AT SALFORD, ENGLAND. 


the purification works, when operating under similar conditions, 
the spray from them, breaking possibly into slightly 
smaller drops. 

The subject sprinkling nozzles not only great interest, 
but great importance, the efficiency sprinkling filter, 
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where nozzles are used for distributing the sewage, large 
measure dependent their satisfactory operation. The speaker 
present arranging for another series experiments modifica- 
tions the sprinkling nozzle adopted for the Columbus sewage 
purification works, and should the results warrant, hopes 
present them some future time. 


fication fascinating one, can only comprehended adequately 
those who are actually engaged it. the two branches 
this study, namely, theory and practice, why and how, sometimes 
one and sometimes the other plays the more prominent part the 
mind the investigator. Because the work resulting what 
Mr. Whipple rightly terms “The mist confused notions about 
septic tanks, contact beds, and trickling filters,” which during 
the past ten fifteen years has been prominent the literature 
the subject, much true information has been gained. The subject 
cannot possibly studied many men under different conditions 


and with different grades sewage without conflicting ideas arising 


and opposing statements being made. honest opinion and 
each honest result has had its value, however, and, comparison 
and elimination, the truth being slowly made manifest. There 
certain impatience, sure, the mind the practicing 
engineer who looking for absolute data upon which base his 
plans, and instead this is, perhaps, forced compare and study 
many apparently conflicting results obtained the work 
many people different places. Those chemists, bacteriologists 
and engineers, however, who have given months and years ex- 
perimental investigation the subject, have infinite patience 
with all apparently contradictory work, understanding full well its 
real difficulty. general rule, they are not carping critics 
each other, although perhaps stoutly believing their own theories 
and results, and always willing defend them. 

undoubtedly true that England to-day the center 
activity the construction sewage purification plants and ex- 
periments upon large scale. Many these plants, however, 
are based upon principles and theories worked out America 
during the past twenty years, willingly testified many 
English experts and engineers. This can readily confirmed 
reading the English literature the subject. the present day, 
leaving out consideration sewage farming broad irrigation, 
there are three methods which sewage can treated more 
less successfully, namely, intermittent sand filters, contact 
filters, and sprinkling filters. Much more work has been done 
America studying intermittent sand filtration than studying 


the other two methods, and the reason, course, clear. The home 
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sewage purification America the present time has been mr. Clark. 
New England, and intermittent sand filters are easily and cheaply 
constructed there, and, for the problems far presented, are more 
satisfactory than the other kinds could possibly be. During the 
past ten years, however, both contact filters and trickling filters 
have been investigated the Lawrence Experiment Station, and, 
during the past two three years, other experiment stations, 
these two latter methods filtration, the trickling filter easily 
takes the first place. Properly constructed and operated, contact 
filters when built rough material can undoubtedly give more 
less efficient results, but their life between thorough cleanings 
comparatively short unless the sewage applied receives good pre- 
liminary treatment, and their rate per acre much than 
that trickling filters. 

Trickling filters have been operated Lawrence since 1899, and, 
indeed, the first filters Lawrence operated manner similar 
the modern trickling filters were Filters Nos. and 16, put into 
operation more than fourteen years ago. well stated Mr. 
Fuller and Mr. Johnson the Columbus report, also the report 
the engineers the Baltimore Sewerage Commission, and 
acknowledged many English experts, these filters, constructed 
stone and operated high rates, were the forerunners the 
trickling filter the present day. 

What can done sand filtration fairly well known the 
present time, and also about how permanent such filters are when 
operated under normal conditions. There need quote here 
the review made the writer the report the Lawrence Ex- 
periment Station for 1904, showing the work many years both 
experimental and sand filters the purification 
sewage and the storage organic matter. was evident, how- 
ever, from this review that, with the experiment station sewage, 
about 50% the nitrogen applied during eighteen years was 
oxidized; about 15% appeared unoxidized form the efflu- 
ents; about 35% was unaccounted for, and not more than 
remained stored the sand. Leaving out consideration the 
upper in. material, the filters receiving this sewage were 
good condition the end this period when first put into 
operation. 

the municipal areas Massachusetts, most which receive 
fresher sewage than that received the experiment station, very 
much larger percentage the organic matter the sewage re- 
moved mechanically settling tanks raking and scraping 
the surface the beds, and very much smaller percentage 
oxidized than the case with the Lawrence experimental filters. 
these areas, for instance, only average about 25% the 
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applied nitrogen oxidized and appears the filter effluents; 
about 15% appears unoxidized the effluents, and the amount 
stored the filter, removed from the surface raking and scrap- 
ing, escaping liberation into the air, amounts about per 
cent. this 60% far the larger proportion removed set- 
tling, raking and scraping. 

this review, the writer called attention, moreover, fact 
that generally has been overlooked, namely, that the matter stored 
sand filters largely carbonaceous rather than nitrogenous. 
matter fact, only the organic matter stored the 
Lawrence sand filters after seventeen years’ use was nitrogen. 

There question the efficiency sand filters, neither 
can there any question that the effluent produced them 
much greater purity than can produced any other kind 
filtration known the present time. Neither there any question 
the present day regarding their practical permanency, nor 
there any question their cheapness operation, considering the 
results obtained. Different geological and other conditions, how- 
ever, require and will require many places America 
methods sewage purification, and for such locations the trickling 
filter now the most prominent and promising method. fairly 
well known the present time what trickling filters will under 
ordinary conditions and with different depths filtering material. 
With sewage strong that use the Lawrence Experiment 
Station, and with deep filters, rates from 2000000 3000000 
gal. per acre per day can obtained, and high nitrification and the 
production non-putrescible effluent will ensue. The degree 
permanency these filters something about which more being 
learned every day, but yet they have not been operated long 
enough, either America experimentally, abroad practically, 
absolutely certain the length time that they will run 
under different conditions before thorough cleaning will become 
necessary. However, the chief filters this class Lawrence 
have been operation now for more than seven years without the 
accumulation enough matter cause trouble; fact, the slight 
accumulation far made probably has rendered them more 
cient. During these seven years less than 24% the total organic 
matter applied them, and only about the applied nitrogen, 
has yet been stored. distinction from this, contact filters 
Lawrence, constructed the same kind and grade material, and 
operated only about one-fourth the rate these sprinkling 
filters, have stored, period operation less than one-half 
long, 24% the total applied matter and the ap- 
plied nitrogen and have produced very poor effluents. Contact fil- 
ters clinker and coke have been operated for many years Law- 
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rence, and have given much better results than the broken-stone mr. Clark. 


filters just referred to, and especially when the sewage applied 
has been given efficient preliminary treatment. Two such filters, 
ft. depth, have been operation for more than six years, and 
the present time receive sewage the rate little less than 
gal. per acre per day. 

When the effluents trickling contact filters are compared 
with the effluents sand filters, the real difference indeed 
shown. The effluent the average sand filter generally clear, 
free from turbidity, odorless, and often can fairly called spark- 
ling. The effluents the best contact and trickling filters, the 
other hand, are generally more less turbid and unattractive. 
Such effluents are given the best these filters Lawrence, 
however, are non-putrescible; even the effluent poorer filter be- 
coming when the matters suspension are removed sedimenta- 
tion. Such effluents improve rather than deteriorate keeping, and 
when mixed with even equal volume ordinary river water con- 
taining much dissolved oxygen, they improve rapidly. 

order lessen the area necessary for the treatment 
given volume sewage, and improve the final effluent, prelimi- 
nary treatment deserves great attention. seems possible that 
screens and methods screening may greatly improved, and, 
account this, more economical and efficient method devised 
for removing suspended matters than settling and tanks, 
least improved that less will left for such tanks 
do. Septic tanks for the treatment the sludge, only, after ordi- 
nary sedimentation, spoken Mr. Whipple process now 
being considered English investigators, have been use 
Lawrence for the past seven years, being first described the 
Lawrence report for 1899. 

Finally, sand filtration ideal finishing process. com- 
plete plant the Lawrence Station, which has been operation 
several years, follows: (1) tank treatment; (2) sprinkling 
filters; (3) sedimentation; and (4) sand filtration. The rate 
which such plant can operated depends upon the grade 
sewage purified, but, Lawrence, rates gal. per 
acre for the sprinkling filters and gal. per acre for the final 
sand filters can easily maintained, with the production clear 
and highly nitrified final effluent. Such plant has recently been 
recommended the engineers the Baltimore Sewerage Com- 
mission for the purification Baltimore sewage. 

While experiment stations can furnish reliable data 
methods filtration, rates filtration, and degrees purification, 
they cannot, course, give illustrations engineering skill 
design and such the works abroad present. Mr. 
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Whipple’s discussion interesting description such works, 
and the English engineering journals have been full such de- 
scriptions for number years. Adequate and reliable analytical 
data are now needed, order show what these purification plants 
actually accomplish—such data have been given out from Law- 
rence, Columbus, and elsewhere America. 


C-E. (by Whipple has covered 
the ground thoroughly that little remains done except 
congratulate him, and express appreciation the importance 
clear, complete and exhaustive analysis the fundamental 
principles sewage treatment. 

What strikes the writer most forcibly Mr. Whipple’s address 
his frank recognition the great complexity the problem. 
longer hope, except rare cases, treat sewage dumping 
chemicals and discharging the supernatant liquid into the 
nearest stream, pouring sand beds without preliminary 
treatment subsequent sludge removal. sewage treat- 
ment involves number distinct technical processes, each 
which must caréfully regulated order secure the best re- 
sults. The disposal the sewage from the South Metropolitan 
District Boston, for example, would require every year the con- 
version 3000 tons nitrogen into stable form, problem 
industrial chemistry mean 

There are two main phases the sewage problem which de- 
serve special consideration: the oxidation organic matter and 
the removal suspended solids, the first being chemical change 
accomplished bacterial action, and the second physical change 
generally brought about mechanical means. The writer believes 
that these two separate problems must faced any sewage dis- 
posal project which aims permanently produce clear and stable 
effluent. was one time held that, the intermittent filtra- 
tion sewage through sand, sludge was produced. The ex- 
perience nearly years Massachusetts has shown quite 
clearly that this fallacious. Brockton, for example, nearly 
tons sludge are removed from the beds for every 1000000 gal. 
sewage filtered; and even with constant care the beds which 
have been use for years more are becoming clogged be- 
low the surface impair their operation seriously. 

The fact should faced that certain quantity solid sludge 
must produced any efficient process sewage treatment. 
This sludge, however, may reasonable amount and compara- 
tively innocuous character, the various parts the system 
properly adjusted and the best results will generally 
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from division into preparatory processes, purification processes Mr. 
and finishing processes such Mr. Whipple has outlined clearly. 

The central part the whole system the purification process 
which always consists the conversion unstable organic mat- 
ter into some stable form: nitrates, gases, humus-like organic 
compounds. the three chief methods cultivating the bacteria 
which carry out these changes, either may prove most satisfactory 
given case. Intermittent filtration yields the best effluent, and 
the cheapest method where the requisite sand areas are available. 
Contact beds, Mr. Whipple has pointed out, are especially indi- 
where only limited head available, although the writer 
questions somewhat the statement that, small installations, they 
can made operate with comparatively little attention. 
inclined think that trickling filter, properly designed, would 
less seriously deranged neglect than are many contact beds 
which has seen, 

For most purposes the trickling filter offers the most satis- 
factory method securing oxidized effluent. For nearly year 
Boston sewage has been treated the Technology Experiment 
Station trickling bed having area 200 sq. ft., and 
rate gal. per acre per day, with excellent results. The 
effluent improved appearance its organic nitrogen 
content, and sometimes contains more suspended matter than the ap- 
plied sewage. uniformly stable, however, and the fact that 
contains much suspended matter the guaranty the life 
the filter. Beds this type have the great advantages operating 
much higher rate, and with greater freedom from clogging, 
than any other form. The great practical point worked out 
their operation the best system distribution, their suc- 
cess depends mainly the fineness and evenness with which the 
sewage can spread over their surfaces. 

Before treating Boston sewage the trickling bed, has been 
found best remove portion the suspended solids two 
successive preliminary treatments. The sewage treated the Ex- 
periment Station first passes through detritus tank containing 
screen with 4-in. openings. Here the floating matter and gravel 
are removed. The total quantity material taken out this tank 
amounts only 0.65 cu. yd. per 1000000 gal., and largely 
inoffensive when spread the surface the 
ground. Next, for the best results, the sewage passed through 
septic tanks. The writer inclined agree with Mr. Whipple 
that the beneficial effect the septic tank relation the sewage 
simply the effect physical settling, the only advantage the 
septic process over plain sedimentation lying the subsequent 
decomposition part the sludge. Mr. Whipple’s suggestion 
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limiting the septic action the sludge alone, along the line 
the Hampton experiments, appears logical conclusion from 
this position. The experiments made Brockton few years ago 
Mr. Bolling indicated, however, that septic tank treating con- 
centrated sludge fills very rapidly. The conditions which make 
liquefaction rapid and successful one septic tank, and slow and 
inadequate another, are very little understood and should 
studied exhaustively. the tanks the Technology Experiment 
Station the decomposition sludge appears unusually active, 
three-quarters the nitrogen deposited albuminoid ammonia 
being destroyed. the same time, Boston sewage readily shows 
the bad effect upon the effluent too prolonged action. 
smelling gases (hydrogen sulphide, mercaptans, etc.) are formed 
from the sulphates introduced the leakage sea-water, the 
subsequent processes purification are interfered with unless the 
well aerated. Therefore, the period passage through 
the septic tanks has been reduced hours, minimize the 
chemical changes the supernatant liquid much possible. 

The experimental septic tanks remove about half the suspended 
matter from Boston sewage, but passing the effluent through the 
trickling beds further reduction takes place, and, times, 
there actual increase. order produce clear 
necessary that some finishing process should follow the trick- 
ling filter; and brief sedimentation lasting about hours now 
being used. The average results for the first months 1906 
showed 126 parts per million suspended solids the crude sew- 
age. Septic treatment reduced this figure 60, and, for this par- 
ticular period, the trickling filter increased again 84. Sedi- 
mentation the trickling effluent finally decreased the suspended 
solids parts. still better results are desired, straining 
chemical treatment might tried. The writer’s colleague, Mr. 
Phelps, present studying the use lime for the production 
clear and sterile final effluent. The separation solids may 
carried any desired point perfection, once the essential 
oxidation organic matter has been carried out the trickling 
bed. 

The main point this seems its emphasis 
the fact that sewage disposal engineering problem which 
always difficult, and which varies each individual case. Only 
expert study local conditions, the character the sewage 
treated, the grade effluent desired, the filtering material, the land 
area, and the head available, can solve properly. 

writer has been pleased observe the interest which has been 
shown the discussion this subject. The remarks most 


4 

7 


DISCUSSION SEWAGE DISPOSAL. 139 


the opening discussion that there little occasion for adding any 
concluding words. 

Many seem interested the evolution and development 
sewage disposal methods. This certainly attractive phase 
the subject. undoubtedly true, mentioned Mr. 
Alvord and others, that certain processes have been used, dropped, 
and taken again. This, however, does not indicate reactionary 
course events, for whenever old ideas have been taken again 
has been because new light has been thrown upon them some 
other new discovery. That steady advance being made the 
practical solution the problem seems unquestioned. Experi- 
mental investigations have done much contribute this advance. 
great extent, the new ideas have originated with those 
charge such investigations, but many cases practice has 
come first and theory afterward. 

Messrs. Johnson and Clark, their discussions, have empha- 
sized the importance intermittent sand filtration. The writer 
agrees with them that, under the conditions which exist New 
England certain other parts the United States, this 
method the most satisfactory one that can used. Little atten- 
tion was given this matter the opening discussion, for, the 
speaker stated, felt that this subject was well known 
American engineers that there was need enlarging upon it. 
well, however, that should not any chance placed 
wrong perspective, and the writer glad that this method has been 
emphasized the later discussions. Nevertheless, the fact should 
not lost sight that there are vast stretches country the 
United States, notably the South and West, where this method 
sewage treatment impracticable, and where some the newer 
processes must used. 

Attention has keen called the fact that with intermittent fil- 
tration not customary use preliminary settlement septic 
tanks, and that the figure for “population per acre,” 
given Table unfairly represents the possibilities this method. 
Strictly speaking, the point well taken, but the writer believes 
that the figures given may considered fairly representative 
what may obtained the various methods they are prac- 
tically used. 

Mr. Maignen has opened several questions which might 
discussed length. The manurial value sewage sludge has been 
subject inquiry for many years. Preston, England, some 
practical experiments were made connection with this subject, 
and was learned that speaking generally the manurial value 
sludge was practically equal that ordinary manure. was 
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found that the advantage gained applying either manure 
sewage sludge growing crops yearly decreased after the first 
application: During the first year, hay crops were increased 
applying manure sludge; the second year, the advantage was 
less noticeable; the third year, was still less, and on. 
other words, cultivated fields are not improved over-manuring, 
agriculturists know. This fact probably helps explain the 
difficulty disposing sludge farmers after sewage works have 
been operation few years. There seems little difference 
the manurial value the sludge from septic tank and that 
from plain settling tank. Birmingham has been found that 
crops will not grow septic sludge unless soil mixed with it. 
Regarding the cost sewage treatment England, the writer, 
when there, collected numerous data, but they were con- 
flicting, and the English conditions are different from those 
existing America, and, furthermore, the data were confiden- 
tially furnished many does not think best make 
them public this time. understood, however, that the forth- 
coming report the Royal Commission Sewage Disposal will 
contain data the cost sewage disposal which will more ac- 
curate and complete than any figures which the writer might fur- 
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Am. Soc. (by letter).—Most people mr. swain. 


will admit to-day that civil engineering, like other branches engi- 
neering, belongs the learned professions, and should require 
preliminary technical training corresponding generally that 
necessary for the lawyer the physician. There much 
said for the old apprentice system becoming engineer, for 
the method which young man enters engineer’s office after 
ordinary public school education, and slowly works his way 
along, studying, learns, doing, the practical details the 
profession. Engineering more—much more—common sense and 
“gumption” than science, and the school cannot make for 
lack these qualities. Many our best and most deservedly 
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eminent engineers are men who, force character and perse- 
verance, have worked themselves this way. Yet these men 
would probably the first acknowledge the great advantage 
which proper technical education would have been them, and 
they would not consider for moment bringing their sons the 
way which they followed. Yet probable that they fail realize 
the benefits which they derived from the stern discipline actual 
life, and from the necessity which they were under making 
for lack opportunity hard work and diligent application. The 
trouble with the young man; between the ages sixteen and twenty- 
two, who given the opportunity higher education, that 
fails realize his opportunity, and does not take advantage it; 
and, result, many the graduates technical schools and 
colleges have neither accurate knowledge any one subject, nor 
the ability think clearly and logically, nor the power taking 
new subject and mastering its fundamental principles without 
assistance. 

would set all the young men work,” said Socrates, “and 
send all the old men school.” And this, while course im- 
practicable, involves deep and fundamental truth, namely, that 
learn mostly experience, rather than precept, and that 
only approach middle life awaken the advantages 
thorough training and accurate knowledge. the 
greatest all teachers, but expensive one. The great 
culty that confronts the teacher awaken the student sense 
his responsibility and his opportunity, make him patient and 
even anxious correction, and make him see that the true 
object his education train himself accurate think- 
ing, high ideals, and proper balance all his faculties, 
that may make himself the best that possible. Dr. 
Munger has said, “Education teach how live, not how 
make living.” 

undoubtedly true, however, that most young men who 
professional school with proper sense the opportunity, and 
embrace earnestly, will get from the course what they could not, 
all events would not, get without it. But the technical school 
cannot make engineer; can only give the opportunity for the 
young man acquire training, independence mind, 
which will make him first all man, and show him 
how live, and further, acquire familiarity with the funda- 
mental principles science, which ought know order 
intelligent engineer instead parrot, imitator, rule- 
of-thumb man. The degree does not and cannot make the engi- 
neer, though some schools apparently deceive themselves think- 
ing that does. The school cannot even teach; can only offer 
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opportunities for man learn, for nothing real value Mr. Swain. 


this world but what gain our own efforts. The college not 
restaurant, where young men come filled, but gymnasium, 
where opportunities are offered for the development all the facul- 
ties, not only mental, but physical and moral. self-evident that 
development this kind the proper and necessary training for 
the highest success any profession, and while such development 
some instances obtained independent the school, yet 
school which offers suitable opportunities ought give what 
most men would not apt obtain left themselves. After 
all, are creatures habit, and habits acquired early life, 
whether physical, mental, moral, are apt remain and bad 
are hard eradicate; hence the importance acquiring proper 
habits thought, well action, early possible. 
Assuming, then, fundamental proposition, that technical 
education the proper preparation for the civil engineering pro- 
fession, and that few men have the character, the courage, and the 
perseverance, able develop themselves unaided, the question 
remains, what should the character that education, and 
how far should go. confront once more the old question, 
which many able minds have discussed. “What knowledge 
most worth?” considering this question, with reference engi- 
neering education, one must never forget that the aim here, 
all other education, should first all make men. Engi- 
neering education must not narrow, must not confined 
strictly professional subjects, but must broad enough develop 
the man all sides. the same time, must remember one 
the fundamental principles the modern education, which is, 
that two subjects which will give equally good training, the more 
useful one should chosen. There excuse, the present 
day, for teaching subjects which will possible use 
man his professional social relations, simply because they 
afford good mental training, when there are many useful subjects 
which, properly taught, afford just good even better train- 
ing. The interest the student will lie with the subject for which 
can see use, and interest necessary factor education. 
But even the useful subjects cannot all taught technical 
course the usual length, even college course followed 
professional course. Some selection must made. And here 
will well bear mind that, President Eliot once said, 
“the actual problem not what teach, but how teach.” 
must not endeavor teach everything which man will need, but 
must make judicious selection subjects, and teach these thor- 
oughly, such way that the student will gain the power take 
and master new subjects himself. here reached one 
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the fundamental and greatest defects education the present 
day. Too much attention devoted the question, what shall 
taught, and too little, sometimes almost none all, the ques- 
tion, how should taught. Much time devoted the ar- 
rangement the curriculum, and then important subject 
assigned teacher who can neither interest the students nor 
make them’ understand it; who, perhaps, instead training them 
think, and giving them this way some power doing things 
they have never done before, simply turns his class-room into 
restaurant, and fills his pupils with facts, the bearings which 
they are unable appreciate, and which they promptly forget. 
Comparatively little attention paid the appointment 
teachers, being assumed, apparently, that man understands 
subject, appears understand it, can teach others. 
not made requisite for the teacher’s post that man shall 
have been trained pedagogics, that shall know something 
the theory and history education, psychology; these things 
are neglected, and men are often appointed high positions 
teachers who have had training education, who have learn 
that science they would any other, and meanwhile, the expense 
their pupils. Good teachers are extremely rare, and the faculty 
for teaching gift, perhaps greater extent than most facul- 
ties. With some men almost intuitive, and such men not 
require much training. But with most men has learned. 
Too many men teach because they could not succeed practical 
business life, and, matter fact, many them cannot teach 
efficiently. Ask the best men class from any our colleges 
professional schools, and they will probably agree telling you 
important courses from which, through fault their own, 
they derived neither information, nor training, nor inspiration. 
great pity that the results education cannot quantitatively 
expressed, and shown the end the year, balance sheet, 
dollars and cents; and, further, that trustees and faculties are not 
dependent for their income upon the results such balance 
sheet. pursue this line thought would carry too far, but 
the writer’s advice, the young man who wishes study any sub- 
ject whatever, the institution where there are the best 
teachers that subject. Material equipment, laboratories, and 
forth, are consequence comparison. Mark Hopkins one 
end log and student the other make university. The 
teachers engineering should study, not only engineering, but teach- 
ing, and should study the latter more than the One 
the most encouraging educational steps recent years America 
has been the formation the Society for the Promotion Engi- 
neering Education. The profession teaching one the most 
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important the community, but not recognized ought mr. swain. 


be, and not paid ought be. Some universities, even, 
expect obtain men competent teach all branches civil engi- 
neering and occupy positions where they should inspirers 
young men mental achievements and high moral ideals, and 
all for $1200 year. And even the American Society Civil 
Engineers does its part, the writer regrets very much say, 
keep down and render unattractive the profession teaching, 
refusing recognize the work teacher charge depart- 
ment engineering professional experience charge work. 
This Society has preferred recognize, eligible full member- 
ship, the man who has had few years’ experience giving lines 
and grades for sewers, superintending simple practical engi- 
neering works, preference the man who charge 
engineering department technical school, and devotes himself 
teaching and inspiring the future members and leaders the 
profession. the writer’s opinion, this Society can better 
work, raise the dignity engineering teaching and the 
engineering profession, than remove this restriction from its 
Constitution. will gain much, and lose nothing, recognizing 
experience teaching equal experience practice re- 
quisite for membership. 

The curriculum engineering course should almost en- 
tirely prescribed, with few optional elective studies. The main 
opportunity for election should between different lines study, 
for instance between civil engineering, mechanical engineering, 
electrical engineering, but the line aim once chosen, the 
course should laid out competent teachers, and should pre- 
scribed. idea that students should obliged undertake 
difficult and unpleasant tasks simply because they are difficult and 
unpleasant happily outgrown, but life full such tasks, and 
one the most useful results proper system training 
the ability drudgery and attack and surmount difficult 
tasks cheerfully and successfully. One the dangers too 
literal and extreme application the elective system that, im- 
properly understood, cultivates tendency shirk difficulties and 
disposition avoid unpleasant tasks. 

One more point considered. the desirability 
breadth and utility granted, the question is, whether they should 
that they should attained successively; that the school 
secondary school, which boy his preparatory education, 
should followed the college, which gives him his broad general 
education, and this the professional school, which gives him his 
technical education. This the zone theory of.education. The 
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difficulty with this arrangement that during his college course 
the student working less earnestly and with less definite aim 
view than were pursuing professional course from the be- 
ginning. Every institution learning should looked upon pri- 
marily place where young men and women hard 
work; and should impossible for anybody remain the 
institution who does not come this spirit and conform this re- 
quirement. Healthful and wholesome amusements, recreation and 
exercises should part the training, but secondary the 
main objects view. wrong attitude toward college work pre- 
vails great extent, not only among young men, but among their 
parents well. unfortunately true that most least 
many colleges numbers young men dawdle away their time, 
doing little nothing except cram for examinations; and that 
they emerge with little except diploma and enlarged cranium, 
and, perhaps, with bad habit two. This should made im- 
possible. The writer has never been connected with college, but 
knows from long experience how difficult make even 
students professional school awaken due sense their 
opportunities, and the proper relations things; and must 
much more difficult college, where larger proportion 
students are browsing around without any definite aim, and having 
good time incidentally, giving serious consideration, before 
graduating, the question their future careers. this view 
correct, would seem follow that the student should urged 
select early possible his professional course, least within 
broad limits, and that during his college course, takes one, 
should lay out his studies with distinct reference his future 
professional course. would also seem that some non-technical 
subjects should carried on, even the professional school, 
that interest such studies should not entirely lost. Change 
occupation rest, and studies different kinds, for instance 
history and mathematics, may each prove recreation mind 
wearied with the other. Such arrangement has been outlined 
really continuous professional course from the beginning, 
which the proportion professional studies increases each 
year; allows the student work always with definite aim 
view, and the same time the proportion technical work the 
early years not great preclude change course the 
student comes feel, advances, that some other branch 
professional work than the one first selected seems better 
fitted for his capacities. 

Summing the preceding discussion, the following are the 
principles which the writer would lay down answer the ques- 
tion which has been propounded: 


/ 


schools is, properly appreciated and made use of, the best prepara- 
tion for the practice the profession; and the present day 
almost necessity. 

2.—In laying out engineering course, the aim should be, 
first all, develop broad-minded men, who. can observe cor- 
rectly, reason logically, express themselves language and paper, 
men with imagination and with character, and with good physical 
development. 

3.—Useful subjects study, which admit and require training 
thinking, should preferred studies which are mere accom- 
plishments. 

4.—Studies which involve discipline the mind and observa- 
tion should preferred those which merely give information. 

5.—Subject the above restrictions, what taught not 
important how taught. The teaching profession should 
better paid and made more attractive able men. 

curriculum leading any the engineering pro- 
fessions should almost entirely prescribed. 

7.—The choice profession should made early prac- 
ticable, and continuous course should arranged with that 
profession view, from the beginning the higher 
course five years, perhaps six years, either one institution 
two, seems desirable for thorough preparation. 

8.—The American Society Civil Engineers should recognize 
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the dignity the, teaching profession making experience 
teaching equal experience practice requirement for mem- 
bership. 

Passing now consideration the question “Is Technical 


Training the Best Education for Executive Work?” the writer’s 
reply would depend upon the character the technical training, 
that is, upon what taught, and more especially upon how 
taught. common that graduates technical 
schools are narrow, and that, while suited for 
tions, they are not well qualified for high administrative posi- 
tions college men. The writer believes that, taken broadly, this 
criticism unsound—that say, does not believe that the 
average college man better fitted for administrative work, 

any broader, than the average technical graduate. Nevertheless, 

believes that there much suggestiveness the charge, and 
that the technical schools may profit considering it. The num- 
ber college graduates very much greater than the number 
technical graduates, and probably larger proportion the latter 
are from humble homes, where they have been denied social ad- 
vantages, and are lacking polish, and perhaps good manners. 


wa 
q 


148 DISCUSSION ENGINEERING EDUCATION. 


They have gone the technical school because they knew that they 
would have earn their own living, for which they were obliged 
prepare themselves quickly possible, and they have, in- 
heritance well force circumstances, tendency take 
interest only the practical professional work, and give 
little attention acquiring breadth interest comprehensive- 
ness view. They have looked everything from the professional 
standpoint, and with magnifying glass, and they lack the mobility 
mind that would enable them take problem condition 
its entire scope, appreciate all the various sides ques- 
tion. Such attitude not that the successful administrator. 
The man who looks thing through microscope sees more—but 
also sees less—than the man who looks with the unaided eye; 
and the tendency any detailed study scientific technical 
problem concentrate much attention the details that the 
general relations are not perceived. The engineering student 
constantly under this temptation, and unless counteracted 
good teaching, may soon become habit. Unfortunately, 
here again many teachers fail what they should, being nar- 
row themselves, lacking knowledge the large practical 
relations the subjects which they teach. Engineering students 
constantly seem the writer like men studying book with 
microscope; who the details each particular portion 
the work, but who have failed see what was all about. 

not apparent the writer, however, that engineering studies 
are very different from other studies narrowing tendency. 
How many students history, for instance, arrive correct gen- 
eral conclusions accurate ideas regarding the general tendencies 
about equal opportunity for spending much time upon detail 
that general relations are obscured. 

certain largeness vision essential for administrative work, 
but, order judge correctly the relative value tech- 
nical and general education preparation, must, not only 
consider what technical education can be, and ought be, but, in- 
stead comparing college graduates with technical graduates, 
must consider whether the same man would better fitted the 
college course the technical course. doing this, the fol- 
lowing are some the elements considered: 

1.—Most executive administrative work has with engi- 
neering, involves engineering important element. Our 
railroads, mines, manufacturing establishments, etc., depend upon 
applied science, that is, upon some branch engineering. knowl- 
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view, largeness conception, and the personal qualities necessary, 


must great advantage rendering the administrative officer 
able form his own opinions, and enabling him direct the 
energies his staff the directions most productive efficiency, 
economy, and industrial development. 

study certainly has the great moral advantage 
training men search for truth, keep their minds open until 
result obtained, and satisfied with makeshifts evasions. 
Such attitude mind must consonant with the highest kind 
administration, however much may conflict with the necessi- 
ties graft, deception, which seem the ruling 
elements some executive positions. 

study and the pursuit truth for its own sake 
conduces honesty, both mind and action, frankness and 
fearlessness, and uprightness purpose. However narrow engi- 
neers may be, the writer believes that for these qualities just men- 
tioned they are not excelled the members any other profession. 

4.—Technical training, and particularly technical experience 
the handling men, clearly advantage any executive posi- 

After consideration these elements, the writer—while ready 
admit the fact that many men technically trained lack the 
breadth view and adaptability which essential executive 
work—believes nevertheless that technical training, the course 
study properly laid out, with proper proportion liberalizing 
studies, and pursued under teachers who direct the students always 
toward the larger view, the best preparation for executive work. 


Bouton, Assoc. Am. Soc. (by ques- mr. Bouton. 


tion regard the best preparatory education for the civil engi- 
neer deserves the interest and very earnest thought every mem- 
ber this Society. 

The subject very great importance, and should accorded 
more than casual indifferent discussion. Some radical meas- 
ures should undertaken change the conditions which are re- 
sponsible for the inability layman distinguish between 
qualified engineer and fraud incompetent. Incompetency 
should reduced minimum. Fraud should eliminated. 

The very question seems infer that some preparatory educa- 
tion necessary, unless the writer mistaken the import 
the word “education” used, and that experience alone will satisfy 
its definition. But, the present time, who practice 
civil Anybody; anyone, any age, character manner 
education. With himself the sole judge his own qualifica- 
tions, has only claim this distinction order set its 
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Mr. matter fact, who practice? They may divided into 
four classes: 

2.—Those depending practical experience alone; 

ambitious enough have prepared themselves 
well circumstances, wisdom and capacity per- 

who have taken technical courses under the in- 
struction and supervision others. 


The frauds have been confined the first class. The incompe- 
tent are not confined any. They may found all four. 
few results this condition indiscriminate freedom 
practice are: 
respect, not contempt, laymen, for the 
accuracy, ability and responsibility the profession 
large; 
recognized code ethics; 
4.—Contempt for technical preparatory education 
those brilliant geniuses who know instinct 
natural aptitude and without study the rules and 
laws mathematics and Nature; 
5.—No standard basic course, defined for those who desire 
preparation, but who have undertake without 
the assistance the instructor; 
graduation from technical courses least 
fifty-seven varieties civil engineer; most them 
specialists 
ease with which some degrees can procured; 
protection for those who blindly undertake 
technical course which they can know nothing 
more than that will graduate them E., 
they will comply with its requirements; 
9.—Loss time and money ambitious students tech- 
nical courses without adequate return; 
10.—Disregard for the best methods engineer- 
ing design, practice and construction; 
11.—Disregard for the laws, circumstances, and conditions, 
governing the locality and project; 
13.—Ignorant, dangerous and extravagant design; 
14.—Fraudulent, illegal, indefinite, and inadequate 
specifications and contracts; 
15.—Excessive cost employers; 


: 
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16.—Low grade construction prevent excessive cost Mr. Bouton. 


contractors 

law-suits; 

18.—Endangering the health, safety, and interests the 
public. 


Some the causes responsible for the foregoing conditions are: 


lack any regulation Federal State 
governments, this Society, who shall practice; 

2.—Lack requirement for education any kind; 

3.—Lack minimum requirement preparation all 
who desire practice; 

courses, time required, methods and subjects 
study; 

5.—Lack intelligent application theory practice; 

6.—Incompetent instructors; 

technical courses with insufficient 
foundation the primary principles; 

8.—The present policy this Society, that experience 
alone sufficient ‘without any preparatory education 
whatsoever, for admission all grades; 

that the experience axeman during his 
seventeenth and eighteenth years accepted 
equivalent for graduation from recognized school 
engineering for admission Junior; 

10.—Indifference the profession large the deplorable 
conditions. 


The public deserves better protection. The dignity re- 
sponsible profession involving the most nearly exact sciences, re- 
quires it. 

law and medicine, neither which can made exact 
engineering. The Federal and many State governments require 
test satisfying various civil service regulations those entering the 
publie service. 

Law and medicine, the majority instances, deal with the 
safety and affairs individual few. deals 
mostly with those multitude. 

Statutory law various the local necessities, customs 
policies the States and Territories. Its specialties are only 
limited number the varying phases human affairs and in- 
tercourse. This has not prevented the almost universal requirement 
that there shall minimum preparation upon which base the 
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Mr. Bouton. practice law. the contrary, the general sentiment and tend- 
ency for higher standard. 

every civilized country certain essential preparation re- 
quired those who desire practice medicine surgery. Public 
policy has necessitated license, order eliminate limit the 
quack. But that profession itself has done much merit the con- 
fidence necessarily reposed it. The annual convention the 
American Medical Association, held this same year and month 
Boston, advocates higher standard than ever before, and better 
supervision professional schools. 

The architects, whose profession most nearly resembles Engi- 
neering, have examined the question. present said that 
the States New Jersey, Illinois and California require license 
for the practice architecture. 

New York State, 1901, agitation this regard resulted 
meeting being called the Architectural League New York 
and preliminary committee being appointed find with what 
favor the profession large would consider bill drawn for pre- 
sentation the State Legislature institute compulsory regis- 
tration architects. 


asking for the expression opinion for against 


the proposed legislation were sent 995 architects, and elicited 
520 replies, classified follows: favor legislation, 493; 
against legislation, 20; not favor draft bill issued, 
otherwise doubtful, The Buffalo, Brooklyn and Central New 
York chapters the American Institute Architects endorsed the 
legislation proposed.” 


The movement failed. 


“The New York chapter the American Institute Architects 
put itself record opposed any legislation (at that time). 
Its reasons were briefly: 

“No law should urged unless, enacted, the result will 
positive and beneficial. law can possibly enforced present 
which will take away from any individual the right design and 
construct his own building, have this work done anyone 
whom may select, even though not architect. 
The apparent analogy with the bar and medical profession does not 
exist, only members the bar and regular physicians are al- 
lowed practice this State; and the registered architect will 
have empty title with powers rights attached. exami- 
nation can deal with other than constructive knowledge and among 
the registered architects will certainly many names which one 
hestitates recognize properly entitled called architects. 
The anomaly will presented architects registered the State 
account presumed constructive knowledge, while the engineers, 
whose special attribute such knowledge, are not registered. Archi- 
tects properly desire considered members the artistic fra- 
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ternity, rather assimilated painters and sculptors than strictly Mr. Bouton. 
professional men, lawyers and physicians, craftsmen, 
builders and plumbers; and this position will not advanced 
State registration. Architectural societies, the 
American Institute Architects, furnish the best means for con- 
ferring deserved distinction the members the profession; 
State license will not confer such 
How much strength there these objections, generally, 
part this discussion argue. the alleged illegality, 
further comment need made than suggest the inherent police 
power State regulate whatever may affect the health and 
safety its citizens; and which power the building codes 
different localities are examples. addition, may said, the 
claim somewhere made, that where engineering problems are pre- 
sented involved, customary call engineer, leaving 
the artistic side the architect. Were this done, which well 
known not the general custom, means calling any engineer, 
with the consequent chance competency. But, one will say, the 
local building code must complied with. True, but who draws 
Any engineer architect, perhaps political favorite, who 
has sometime built cellar wall. 
The practicability and benefits, shown those professions 
which have installed it, would seem insure its success engi- 
neering. 
The following would much toward remedying the which 
present invest the profession and its practice: 
all; present reputable and recognized 
engineers exempt from any test; 


2.—Licensing all who desire enter practice the future; 
3.—Minimum standard requirement preparatory edu- 
cation the basis such license; 
of, recommendation to, technical 
schools; 


5.—Delegation authority the State the Society 

regulate and enforce such registration, licensing 
and 

6.—Enlargement the Constitution the Society 
comprehend such action; 

technical courses modern and practical 
kind; 

8.—Uniform entrance examinations; 

9.—Change the Society’s Constitution set the example 
and exert the influence that would naturally re- 
sult; 


“+ The article from which the above is taken, and the draft of the proposed bill, may 
found The Engineering Record, January 26th, 1901. 88. 
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10.—Schools and reputable engineers, out the 
Society, should join place the profession 
healthy basis. 


This Society, the foremost technical society America, should 
take the initiative. should appoint committee investigate 
the present methods and conditions preparatory education and 
qualifications for the practice civil engineering America, and 
report the Society the result its examination, with such recom- 
mendations for improvement deems advisable, with view 
the taking such further steps the Society may necessary 
and feasible regulate and limit the practice civil engineering 
those qualified preparation, competency, responsibility and 
character, and elevate the profession high standard 
possible. 


tion broad one, and opens the entire field present practice 
technical schools. seems the writer that the best prepara- 
tory education for the civil engineering profession that which 
best prepares for the profession, but the difficulty this statement 
the case know what does best prepare. Individual idiosyn- 
crasy important that what best for one person may not 


best for another, and consequently the personal judgment the 
instructor must come decide what best for each particular 


case. 

From this point view, large schools are mistake—indeed, 
engineering schools did not number more than 100 200 pupils, 
assuming that the class instructors was the mark, there 
would distinct gain. the large schools, there little 
personal contact between instructor and instructed that the student 
practically his own resources, and has within him that 
which makes engineer anyhow, there really, for him, very 
little value the technical training—the most that can said 
that may get work sooner, which much less important 
point than generally assumed. man’s work not measured 
years, but quality, are many men whose important 
work has all been compassed within few years. 

The writer supposes that within the experience every- 
body who has studied technical school that, during the first 
year two practical work, chiefly engaged unlearning 
the things learned there, and during the next year two mostly 
forgets the things learned—at any rate, far mere memorizing 
There remains, therefore, for the average student 
nothing but the training; and this question really narrows itself 
to, What the best method broadening the mind that one 
attains comprehension? return, therefore, the original propo- 
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sition, that the best preparatory education for the civil engineering Mr. Rafter. 
profession that which best prepares for the profession, that the 
best education for one individual may not be*the best for another, 
and that, therefore, engineering schools should number only few 
students who, under the personal supervision capable instructors, 
would receive that which best suited each individual’s needs. 
would make ideal engineering school, and probably the nearest 
approach this was the apprenticeship system seventy-five years 
ago, where, provided the instructor was faithful and earned his 
fee, the final product made better engineers than the average 
those turned out the technical schools to-day. 

Am. Soc. E.—The subject compre- Mr. Marburg. 
hensive that exhaustive discussion any single phase 
would consume much time. The speaker, therefore, proposes 
refer briefly, and somewhat informally, the vital element engi- 
neering education—the teacher. 

The development engineering schools within recent years, 
though sufficiently remarkable, may regarded, after all, only 
the forerunner educational movement, the full magnitude 
which one, perhaps, can adequately foresee. The attendance 
engineering schools has been increasing leaps and bounds; and 
through State aid private beneficence, many the schools have 
been put possession excellent facilities. There remains, how- 
ever, certain important element weakness, namely, the teach- 
ing element. must apparent every careful observer that the 
teaching branch the profession needs strengthening. Though 
either have, are rapidly getting, the ships and guns, the way 
buildings and equipment, need more men and better men 
behind the guns—men proven ability the highest order. The 
field engineering teaching has not proven attractive enough 
the United States enlist sufficient number men the 
highest caliber. Nor surprising, therefore, that the teachers 
engineering, broadly speaking, not hold the same high position 
the esteem the profession their colleagues other pro- 
fessional schools. The large influx students into the technical 
schools within recent years has served make the problem more 
serious one, and its solution all the more pressing. 

The need more high-grade teachers the engineering schools 
indeed apparent, the logic the situation obvious, that the 
speaker believes only question time—and, hopes that 
time will comparatively short—when this need, too, will ade- 
quately supplied. any movement that end, however, the loyal, 
active and united support the profession, exerted through its 
leading organizations, would prove not only helpful, but well-nigh 
indispensable. The time opportune, the speaker’s judgment, 
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for this Society co-operate this matter authorizing the ap- 
pointment special committee consider and report the 
present status and needs engineering education the United 
States. The speaker proposes, therefore, introduce resolution 
that end the proper time. 

proper education for the engineer one, needless say, which 
very prominently before the speaker the present time, and his 
doctrine this: First all, the civil engineer must understand 
the English language, and the prime essential his training that 
shall that understanding the best and most ex- 
peditious means that discovered. 

quite possible that for some the best path may along 
one road, and for some may along another, but English the 
foundation, whatever the ultimate requirements may be. Beyond 
that must remembercd that to-day the engineer becoming 
recognized belonging, not only the learned professions, but 
the most learned profession, and should leader thought 
the community which resides. order that may 
such leader, should familiar with the history his coun- 
try and the history civilization. History, therefore, should play 
important part the preparatory education the engineer. 
should also understand the principles common law, well 
those the law contracts, the functions public corporations 
and governmental agencies. should also thoroughly versed 
and and the speaker would emphasize the 
statement which has already been made, that what needed not 
the learning the textbook detail, but the learning its 
application the world large—the power apply the things 
which have been learned. other words, the essential part the 
engineer’s training college, goes into the technical school, 
should design. should taught apply the principles 
which has learned the classroom; and, the speaker’s mind, 
those schools which are devoting the most attention the design- 
ing engineering work are the ones which are best fitting their 
students for the demands that will made upon them five ten 
years after they are out college. Not that they should learn the 
design details, but that they should learn the principles upon 
which all correct design based. 

There has been too much tendency late—it is, fortunately, 
not marked present was four five years ago—to develop 
manual training the expense other education, short, 
produce skilled mechanics, and many schools are devoting much 
attention shop work with the idea producing men who can 
into shop and receive perhaps much per day upon 
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graduation; and who have the prospect getting that for the rest Mr. Williams, 
their lives. The speaker does not understand that the place 
the university fit men for that particular occupation. 
seems him that, the student going into the shop, all should 
attempt do—all has time accomplish college course— 
learn general what done, and what can done. 
worth while spend the time necessary learn that. That time 
can more profitably utilized other ways. 
\ 
q 


There was period, not long ago, when practitioners demanded 
that young engineers coming out college should able 
something immediately. Our railroad friends said, “Your college 
men are good: they not know much the man who works 
from the shop the chain.” They not, far to-day 
to-morrow concerned, but the time rapidly approaching when 
their value will realized more fully the railroad men than 
present. young man can get world experience the 
five six years his life after has come out college, and 
will get it, will drop out the profession; but, his stren- 
efforts for place the world during those five six years, 
will not get that training the essentials Engineering which 
the college education should give. 

student has absorbed his college training, has put away 
where will not from him, although for the first three four 
years out college may believe that has wasted much valuable 
time, though may talk his professors fossils imprac- 
ticable men, nevertheless, years afterward, will come 
that position his profession (after has acquired that training 
and experience which all must have order succeed), when 
will begin see the usefulness those courses which regarded 
drudgery; then the heads those who have had brains enough 
retain that instruction will seen rising above those the 
rank and file their fellows. 

The duty the teacher Engineering prepare the student 
for the position must fill, not to-day nor to-morrow, not next 
week nor next month, but 10, 15, years from now, when the 
engineering students to-day must the leaders the Engi- 
neering profession. 


Society who attended the Engineering Congress Chicago 
will doubtless recall that the Committee Arrangements di- 
vided that Congress into several sections, one which was en- 
gineering education, and that all the six seven sections which 


met simultaneously during the week none was generally well 
attended, and none had its interest well sustained. will also 
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remembered that, the outcome those sessions, there came 
felt strongly the need more time and attention the 
subject engineering education than this Society was able 
give its annual meetings and conventions, that new society, the 
Society for the Promotion Engineering Education, was then 
established and has become one the most important engineering 
and educational organizations, and one which occupies exceed- 
ingly important and influential relation the entire engineering 
gratification the speaker that the American Society Civil 
Engineers has again thought the subject engineering educa- 
tion sufficiently important devote considerable portion one 
its sessions this Convention the discussion two phases only 
the general subject. 

The two important and closely related topics covered the 
title have been well presented Professor Swain that not 
the speaker’s intention more than refer one two points. 

1.—The first point which attention asked deals with the 
relative value the compared with the “simul- 
taneous” method engineering education; that is, the educa- 
tion engineer, better for the young man complete his 
general education before taking his technical training? 
not necessary state that the engineer the present and the 
future needs, not only intensified technical training, but also broad, 
general, cultural training. debate this proposition as- 
sumed necessary. The question here offered for considera- 
tion is: Should the young engineer complete his general training 
before beginning his professional studies, should the two 
carried simultaneously? The remark frequently heard that 
young man intending follow engineering should first com- 
plete general college course and then enter the professional engi- 
neering school. Some effort has been made number cases 
ascertain just why the successive order for taking the two kinds 
training has been stipulated, and every instance examined 
has been found have originated, not from critical comparison 
with the simultaneous method, but the general assumption that 
there but one way acquire both kinds training, and that 
take them tandem, or, use electrical comparison, 
take them series rather than parallel. doubt the general 
custom followed students theology, law and medicine has 
been largely responsible for the general impression that the same 
plan should followed engineering. Another and valid reason 
has existed, but fast disappearing. the past the college and 
the professional engineering school have not generally been com- 
ponent parts the same institution, and thus have not been 
close proximity, but separated. This has made the 
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method necessary. With the modern university, however, com- Mr. Landreth. 


prising academic and professional schools closely contiguous, the 
foregoing reason does not exist. Both the successive and the simul- 
taneous methods, therefore, are now generally possible, far the 
contiguity the college and the professional school concerned. 

The advantage engineering student acquiring his gen- 
eral college course and his technical training the same time will 
now considered. The profession engineering demands 
those who follow successfully peculiar and unusual qualifications. 
Integrity character, capacity and inclination for hard work, 
power overcome difficulties, meet emergencies and initiate 
and execute along definite, preconceived lines, and mind trained 
critical, analytical and constructive processes, are certainly not 
the least the engineer’s qualifications. develop these quali- 
fications, and especially the analytical and constructive faculties, 
under the best conditions, requires that the candidate placed 
early possible under influences and atmosphere favorable 
this development. criticism academic training that the 
above conditions exist higher degree the technical school 
than the general college; and desirable, therefore, that the 
student should enter the technical school early possible, and 
thus, while prosecuting his college course, parallel, secure the 
stimulus and inspiration furnished the definiteness purpose 
the technical course and its atmosphere exact, critical and con- 
structive ideas. When student completes his college course before 
entering his technical training, which latter may presumed 
require two years, his habits thought have been largely formed, 
and his mind does not adapt itself effectively the habits and 
methods exactness and definiteness objective which are 
essential the engineer. Moreover, several the lead- 
ing lines subjects which the technical course must contain re- 
quire for their best treatment, not only proper sequence, but also 
adequate time for proper mental assimilation. The educational 
principle uriconscious cerebration here important. The mind 
requires time for the fullest assimilation the ideas abstruse 
subject. compress the numerous and intimately related tech- 
nical subjects into two years’ time cannot but interfere with the 
proper sequence topics and also merges closely the evil 
cramming impair seriously the educational value the course. 

extended and somewhat careful study the problem, cov- 
ering experience several years, both the side the teacher 
and the practitioner, leads the speaker the conclusion that the 
following programme comprises general the best preparatory 
education for the civil engineering profession for the student who 
able take full college course addition his technical 
training: 
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from high school school equal grade, 
which will fit man for entrance college and also the better 
grade engineering school. 

student can secure the can devote 
the time, should then spend one year, subordinate capacity, 
connection with some extensive engineering enterprise under- 
taking, preferably where variety work being carried on, How 
subordinate poorly paid the position matters less than that 
one from which the young man will have opportunity observe 
and comprehend the workings the enterprise, and one where 
will able acquire feeling responsibility for the perform- 
ance his duties, and feel that was part, even very 
small part, the enterprise. 

Third.—The careful selection college and technical school 
which not only furnish superior courses their respective kinds, 
but which are situated, either under the same under different 
organizations, that the student may enter both simultaneously and 
arrange his course, extending over six years, that the two lines 
training may judiciously and systematically laid out and 
ried along together. this plan the desired sequence subjects 
may secured, and the necessary time for mental assimilation 
the more abstruse subjects obtained, and both sides the man 
developed simultaneously. not supposed that the time 
proportionally allotted each the two lines training would 
the same throughout the entire course. During the early years 
the general training would predominate, with enough the tech- 
however, lay early foundation for technical thought 
and appreciation and extend sufficiently time the several 
topical lines technical subjects. the latter years the 
course the technical subjects would necessarily predominate, and 
the student would come them with the all-round development 
the breadth view which the general training had given him. 

The important question what each the two courses 
should comprise too extensive for discussion this time. 
the speaker’s opinion, however, the college course which 
suited the needs engineering students the old-line class- 
course, with Greek omitted and ‘its place taken increased 
work history, sociology and esthetics. For the engi- 
neering course, the increasing importance better 
training the fundamental technical studies leaves little legiti- 
mate opportunity for specialization the two years properly 
assignable the technical portion the course. 
mastery the fundamental principles those subjects which 
should familiar every engineer, whatever his specialty, leaves 
time the course for narrow specialization; that should come 
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later. Technical specialization engineering course undoubt- Mr. 
edly leads more immediate utilitarian results, but invariably 
the sacrifice breadth training and future efficiency. The 
profession appears already over-supplied with the specialist 
whose narrowness training and whose consequent unfamiliarity 
with the fundamental principles the neighboring branches 
his own profession, and frequently with life itself, impair his judg- 
ment and limit his usefulness society. bad designing which 
increases the altitude structure materials needed the 
foundation. The Tower, with its broad base, symmetrical 
graceful outline and superior altitude, furnishes excellent 
model simile for the training engineer. 

the second question this topical discussion, 
viz.: “Is Technical Training the Best Education for Executive 
Work?” would seem from Professor Swain’s treatment the 
question that the term, executive work, had mind adminis- 
trative management. With this interpretation would seem that 
the answer must depend very largely what kind administra- 
tive work contemplated. possible mention some lines 
administrative ‘work which technical training would not 
especial value and might even harmful, had absorbed time 
otherwise available for training more pertinent and directly re- 
lated the administrative work question. There are, however, 
great number lines administrative activity, and, under mod- 
ern conditions and tendencies, the number rapidly increasing, 
which technical engineering training forms important 
not essential part the preparation. fact, engineering 
coming comprise more administrative work than ever before. 
The work the modern engineer may classified analyzed into 
the foliowing divisions: 


Investigation, 
Design, 
Execution, and 
Administration. 


Before beginning any enterprise undertaking the engineer 
investigates conditions and circumstances determine the possi- 
bilities and limitations surrounding the undertaking. With the 
result this investigation before him, favorable, designs 
his enterprise, his structures, his methods and accessories. 
then executes the undertaking from the designs; and, the enter- 
prise one involving technical skill its management, his 
brother engineer proceeds administer it. only recently 
that the fourth duty, that administration, has fallen the engi- 
neer; formerly the business man took this part together with 
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majority the credit and emoluments the undertaking. Since 
technical skill has now become essential adjunct the admin- 
istration many classes industrial and even business enter- 
prises these questions have arisen: 

a.—Shall the administration divided between business man 
and engineer, shall there but one 

b.—If but one, shall the business man given engineering 
training, shall the engineer given business 

The principle, accredited Napoleon, that one poor leader 
better than two good ones, recognizing the necessity unity 
responsibility, may accepted representing one the im- 
portant principles modern administrative systems, the prin- 
ciple undivided responsibility. 

are have but one administrator possessed both busi- 
ness and technical skill, economy clearly dictates that better 
give the engineer the business training than attempt give 
the business man the technical training. 

the engineer become administrator, the question 
once presents itself: How can best acquire his administrative 
ability? best that should acquire entirely through ex- 
perience, without any direct aid from the schools; possi- 
ble include, his technical course study, instruction which 
shall directly aid him developing the administrative capacity 
after beginning his professional work? 

After careful study the foregoing question covering sev- 
eral years, including observations from experience, the speaker 
strongly inclined believe that possible include the 
student’s course study, instruction and training which will help 
lay the foundation for the development administrative ca- 
pacity after leaving school. one authority will claim that 
the engineering school makes engineers, nor that the law school 
makes lawyers, and yet, to-day, few will deny that the technical 
training very material assistance making engineers well 
other professional men. What true the course study 
large also true its component parts; study the principles 
directly underlying drafting, surveying, mechanics and materials 
substantially assists man become draftsman, surveyor 
structural designer; and also believed that proper instruction 
the principles proper subjects during the student’s course 
study may also direct value toward giving the engineer ability 
the administrative direction later. course, nothing more 
than fundamental principles should undertaken, but these should 
well taught. Any attempt give bare information, methods 
procedure, beyond what useful explaining and making 
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clear the principles, would doubtless result, most other tech- Mr. 
nical subjects, loss time and disappointment. 

addition the regular courses history, economics, sociol- 
ogy and political science, which the engineer’s college 
course should include, the particular subjects which appear 
promise the most useful results, further aids laying founda- 
tion for administrative development, would appear be: 

(1).—The elements law general and the law con- 
tracts, agency, property, bailments and corporations, somewhat 
further extension; 

(2).—The principles finance and financial operations, with 
applications the monetary, credit and exchange systems vogue; 

(3).—The principles accounting general, and further 
applied transfer accounts, stock accounts and cost-keeping sys- 

principles business administration, more especially 
applicable organization, dicipline and effective execution. 

With framework principles such the foregoing other 
equivalent subjects, firmly established, the young engineer go- 
ing out into professional work would have substantial foundation 
which build, and would understand and absorb much more 
effectively and rapidly the facts and conditions his experience 
and would assimilate them more readily the development his 
administrative capacity. 


Bernarp Green, Am. Soc. E.—Although the proposer mr. Green. 
the for this occasion, the speaker’s object was not make 
opportunity offer ideas, but secure answer the ques- 
tion arouse discussion which might lead one. Professor 
Swain’s views are very near those the speaker’s, the result 
lifetime observation over the period—so well known the 
grandfather engineers to-day—which has covered perhaps 90% 
the stage development the science and art civil engi- 
neering. 

The question education for the engineering profession must 
surely very present one the minds of, least, all the older 
engineers. The speaker’s experience began when preparatory schools 
were few and weak. Other than the Rensselaer Polytechnic Insti- 
tute, the United States Military Academy, and two three new, 
so-called schools attached classical colleges, there was 
none. The word “attached” used because these schools had 
little common with the college course proper that they might 
well have been located anywhere else. The speaker took the civil 
engineering course the Lawrence School, Harvard 
College, 1861, then very small school almost every sense, 
but hardly inferior the Rensselaer Polytechnic Institute, the 
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student were uncommonly well prepared and industrious, for 
could not graduate without passing searching examination. Con- 
sequently, though the classes were small numbers, hardly one- 
third their members were graduated. The course consisted 
chiefly drawing, the higher mathematics, and the mathematics 
surveying and mechanics, with laboratory work, except few 
lessons the use surveying instruments, and visits engi- 
neering works finished progress. Two years this work 
brought the class graduation with the degree Those 
students who had previously taken part the whole college 
course usually had the advantage the others. 

Entering upon work engineering office the speaker began 
read engineering books and review the textbooks the school. 
Observed the Chief thus engaged, was encouraged 
continue because, remarked, reading something about engi- 
neering would learned, but one could not thereby alone become 
engineer. Due recovery from the jolt this surprising state- 
ment followed when the speaker had had time appreciate that 
graduate school could possibly become real engineer without 
practical experience and observation. 

Since then, through life, has endeavored civil engi- 
neer, while the professional schools have developed and multiplied, 
and the science and art engineering have grown the enormous 
proportions the present day; amazing contemplation, 
whether measured quantity, quality and territory conquered, 
development, refinement and the sum knowledge 
gained. This period forty-five years has comprehended almost 
the whole growth from nothing much, and made civil engineer- 
ing, considered its broad sense, profession coequal with the 
highest and most dignified well the most indispensable 
mankind. All this naturally best realized those engineers who 
have been the authors the development, many whom have 
times regretted that they had been born early, and have envied 
the advantages younger men; but, the older men, 
realize that the demands upon the profession have, nevertheless, out- 
run the schools, and that there great need higher and more 
thorough and comprehensive character school training than has 
yet been provided. 

Such engineering institutions learning are sure come 
some way, but the day should hastened with all safe speed. The 
universities are endeavoring solve the problem, but they are 
hampered for means all kinds, financial, physical and pedagogic. 
The recent effort combine the Massachusetts Institute Tech- 
nology with Harvard University ‘most significant what 


needed for the best education engineer. There much profit- 
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able thinking and discussion possible all this: matter, and im- Green. 


measurably good results gained, evidenced the active 
existence the Society for the Promotion Engineering Edu- 
cation. 

Perhaps this subject more interesting the speaker than 
engineers who have not been called upon steer one two sons 
into the profession. due course the speaker found himself with 
boy growing up, who had decided bent for engineering, and 
was given the civil engineering course the University Michi- 
gan. has since been constant practice for sixteen years. 
was the best that could done for him that time. Now another 
son, with similar bee his bonnet, taking the course, 
but endeavoring widen and perfect combined college 
course, which until recent years was rarely done. Even now this 
course too uncommon, but the universities are not economically 
organized for it, and few boys can afford the necessary time and 
expense. the present instance the young man choosing the 
electives Harvard University that may secure the de- 
gree and then finish the civil engineering course the Massachu- 
setts Institute Technology two more years with de- 
gree, course covering six years all. Thus may secure the 
advantages so-called college course, with the humanities—Eng- 
lish especially, and plenty it—together with pretty thorough 
curriculum civil engineering proper. His aim ultimately 
become truly learned his profession, broad way, and 
able hold his own contact with educated men and gentlemen 
anywhere. 

This should the training and accomplishment every engi- 
neer. Few others can rise the top the profession the present 
day, and the best engineering schools must organized, con- 
nected with the higher education general, and equipped with 
physical outfit and manly and cultivated personnel their 
teaching corps, that they may ensure the students such training. 
Think some the professors and teachers found many 
the best schools the day—kings mathematics, wizards 
chemistry, magazines engineering facts, but more magnetic, 
graceful, sympathetic than automaton. The professors and 
instructors should sound, enthusiastic and practical men ex- 
perience, well scholars the technology the profession, 
and attractive gentlemen What might not ambitious 
and enthusiastic young student the grand art engineering ac- 
complish, his brief course school, under the guidance and 
coming personal contact with such teachers! How well and 
with what gratitude many remember some one two, 
all those under whom worked school, our ideals ex- 
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cellence! But salaries are small—very small—and many the 
teachers, and too many the professors themselves, have had but 
little practical experience. The situation will different when 
salaries tempt and universities insist practical engineers with 
the teaching faculty and all the other qualifications necessary 
those extremely important positions. The speaker suffered much 
his school from lack excellent teachers—although Professor 
Eustis, the head it, was ideal—but the members the class 
were quite sure that one his assistants learned much more about 
mathematics from them than they did from him. 

The engineer the present day occupies enormously im- 
place the world which constantly de- 
and more him his best. Engineering under- 
takings are increasing number, magnitude and complexity. 
first, engaged the ingenious application skill and the knowl- 
edge materials and physical forces, few isolated places and 
small way; then wider extension this skill and me- 
chanical development; and last the application still higher 
principles engineering science, the world-wide relations 
engineering almost all interests mankind, this has been the 
scope the profession the civil engineer. 

How should the boy and the student engineer trained the 
university this day and generation? That the question, and 
needs much more definite answer than has yet been presented. 
Each father, especially engineer himself, endeavoring 
determine this for his son selecting from the various schools 
that course, both mental and manual, which may the 
best results for his own particular boy the few years—four 
six—which can afforded for it, the end that shall acquire 
good knowledge history, literature and language, how 
think and study and investigate, how speak and write, and 
habit general reading, well knowledge the technics 
the profession. 

Students attain this end must come from good family influ- 
ences, and healthy, interested and assiduous. The engineer 
should refined, brave, self-reliant, ready with clear-cut ideas 
and good English speaking and writing, and thus able make 
effective appearance, and give good account himself be- 
fore any board, committee, individual, any moment. Such 
men command respect, hearing, and then, very often, the whole 
situation. 

The young civil engineer should strive learn and become 
familiar with mechanical operations all kinds and with their 
approximate costs, matters that may learned observation 
during the school period and immediately afterward. should 
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particularly learn how judge and treat and handle men Mr. Green, 
properly. short, cannot possibly learn too much, become 
too skilled anything, the physical sciences, law, literature, his- 
tory, modern languages, mathematics, the technics and practice 
the numerous branches engineering, and, especially, the 
fine arts, that may never walk nor work without present sense 
the beautiful—of the graces and harmonies things. his 
student days need never fear that any item knowledge 
skill which may acquire, from milking cow analyzing 
bridge truss, singing solo, will ever come amiss, whether 
seems pertain his profession not. 

The engineer’s business world wide, comprehending infinite 
variety applications, places, peoples and human interests. 
may have anywhere minute’s notice, travel widely and 
find himself ‘contact with numerous conditions calling for all 
the knowledge, tact and practical skill that may possess. 

Engineering literature, descriptive critical, undertakings 
accomplished works, the experiences difficult construc- 
_tion, thin and Engineers have not written enough, 
not write well enough, and not like write because they not 
know how. This because the insufficient training the past 
generation, which prevented ease and fluency writing, one 
intensely engaged practical work. Consequently, many valuable 
experiences and ingenious accomplishments, which might have been 
invaluable others and the world, have lived and died the 
minds and memories the engineer geniuses, whom the labor 
concise and readable records was irksome and laborious. 

The engineer who can stand before lay committee business 
men and explain his plan attractively and concisely, showing 
thorough familiarity with the subject—for hard-headed business 
men are pretty acute judges—is more likely get the job than one 
who, though knowing thoroughly, presents badly. 

general question engineering education has been brought 
more forcibly the speaker’s mind the recent organization 
the Washington College Engineering under the George Wash- 
ington University. Its location and prospects are most favorable, 
and the college already has some 200 students. its interest, 
trustee, the speaker recently accompanied committee inquiry 
and inspection five the leading engineering schools the 
Eastern States. All were found more less overcrowded with 
students the laboratories and drafting-rooms, and need more 
space, more teachers and more everything requisite good work. 
Some schools appear overdo laboratory work, the detri- 
ment fundamental principles, and others err the oppo- 
site direction. The necessity consensus practice was notice- 
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able, such may possibly result from the deliberations the 
Society for the Promotion Engineering Education, recently or- 
ganized. 

Engineering, the general sense, now occupies more than half 
the whole field education for professional life, and all the 
schools devoted are filled, even crowding, with students. 
easy see the condition and trend the times. The age 
applied science has but begun. keen competition 
ingenuity and the mechanical performance the world’s work, 
the growing appreciation public art and its recognition engi- 
neering works, are rapidly absorbing the attention the whole 
world, and all the engineer’s business. involved 
everywhere, and the character and quality the work, and its 
general effect for the good the community and the world 
large, will depend the character and quality the engineer. 
heretofore, but more than ever the present time, the material, and, 
great degree, even the art world, depends the engineer, and 
eannot get without him. 

How indispensable, therefore, his proper training and educa- 
tion! With what care and consideration should not selected, 
trained and launched into his work! spends the people’s money, 
and, the construction permanent and necessarily costly works, 
transforms topography and determines largely the permanent taxes 
and the cost the future maintenance the property. cannot 
know too much, nor too well-grounded his profession. 

Therefore important consider and determine, engi- 
neers are accustomed do, what the best course, and how much 
preparatory school education necessary for the professional 
civil engineer, and how may most effectively and economically 
obtained. 

The speaker thinks subject immediate and proper con- 
cern for this Society, which should take for active considera- 
tion and determination co-operation with professional educators 
large. 

tion, “What the Best Preparatory Education for the Civil Engi- 
neering previous speaker commented the fact 
that the American college university does not aim edu- 
cate young men gentlemen. This remark suggests that Ruskin 
one time made the statement that the object the English 
university was turn out both scholars and gentlemen. The 
American university, apparently, makes direct effort turn out 
more than scholars, but should the object every American 
school engineering graduate young men who are gen- 
tlemen well scholars. 
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The education the young man who expects civil engi- Mr, Wendt. 
neer should most thorough and comprehensive. good common 
school education essential. The college course which gives the 
greatest and most thorough training probably that which leads 
the degree A.B. Having received this degree, the student 
civil engineering should enter technical college and complete the 
special course which related his future profession. After the 
completion the courses the common American college and the 
technical institution the-young civil engineer should placed 
where may become acquainted with the methods per- 
taining the design and execution engineering work. student 
can afford accept such position, even without compensation, 
order become acquainted with the routine work. Without 
this knowledge, graduate unable apply his education 
useful purpose. While the student getting all this preliminary 
education, will find greatly his advantage obtain during 
the summer vacation position engineering corps, which 
will bring him contact with field work, order that may 
become acquainted with the routine the field well the office. 
Such positions are hard obtain, and the wise student will en- 
deavor get opportunity this character even the compen- 
sation should only sufficient cover expenses. The ambitious 
student, who willing work small compensation order 
gain this valuable experience, will always get the de- 
sired opportunity. 

The second question under “Is Technical Education 
the Best Training for Executive does not seem well 
stated. should read, “Should Technical Training Form Part 
One’s Education for Executive affirmative answer, 
only, can given this question. former times civil engineers 
who became executives generally failed get this technical train- 
ing. Such schools were not numerous, and their location was 
distance, that not many young men could bear the expense 
pursuing course technical institution. the present time, 
however, these institutions are quite and are well located 
geographically, that technical education within the reach 
large proportion college men. 

Competition, among civil engineers who desire executive posi- 
tions, very keen the present time, and experience seems indi- 
cate that the man who possesses technical education will advance 
more rapidly than the who does not. The successful manage- 
ment the business the large corporations the present day 
depends upon the judgment the executive officers, and the man 
who possesses technical well practical knowledge should possess 
the best judgment, and, therefore, ought well qualified for 
executive work. 
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The time not far distant when large majority the execu- 
tive positions the business world will occupied men who 
have had technical education. 

After all this has been said, the fact remains, that many the 
men occupying executive positions the United States have not 
received any technical education. They entered business life early, 
studied human nature, and gradually became well fitted for hand- 
ling men. Experience was gained day day the practical school 
business, and such men have been very successful. The boy who 


obtains technical education should outstrip the one who not 


fortunate, but, does not possess knowledge human 
nature, will become very poor executive, matter how 
thorough his education. Executives, like poets, are born, not 
Those possessing technical education well practical experience 
should more efficient than those possessing technical education 
only. 


Am. Soc. E.—Mr. Green has referred 
the importance this topic, and has expressed the desire that the 
Society give further attention. Professor Landreth has men- 
tioned the Society for the Promotion Engineering Education, 
which society has become vigorous one. Its policy for the past 
few years has been hold its annual meeting connection with 
some engineering society. Three years ago there was joint ses- 
sion with the American Institute Electrical 
Engineers, resulting very interesting discussion and excellent 
papers, from the standpoint the engineer and the educator, 
the subject Engineering Education. 1905 the meeting 
with the American Society for Testing Materials was productive 
much good. This year will meet with the American Association 
for the Advancement Science. 

the past, the Society for the Promotion Engineering Edu- 
has not been able make arrangements for joint session 
with the American Society Civil Engineers. seems the 
speaker that much would gained discussion the require- 
ments and needs Engineering Education having session 
this Society connection with the Society for the Promotion 
Engineering Education, and suggested that arrangements 
made for the consideration educational topics meeting 
this kind. 

McHenry, Am. E., several years ago, the fol- 
lowing definition given: “Engineering the art making 
dollar earn the most interest.” great many instances engineers 
not pay enough attention this, and the failure number 
men the profession distinctly attributable the fact that, 
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instead following Mr. McHenry’s definition, they controvert the Coates. 
and make read follows: “Engineering the art mak- 
ing dollar the quickest.” 

order obviate this, the young engineer should acquire, 
the proper time, commercial and financial training, applied 
his profession. should also have instilled into him the prac- 
tical side engineering—a theorist will never success 
engineer. the time has completed his four years’ course 
college, should have determined the special branch engineer- 
ing which going follow; then should connect himself with 
company where can get two years’ field work, then year 
the drafting-room, followed another year the field. After 
this, order broaden himself, should become associated with 
contracting company for two three years. During his con- 
nection with the latter, will have impressed upon him, the 
fullest degree, that Mr. McHenry’s definition engineering 
about correct. 

man who follows this course, will find that, the end 
the time thus spent, will thoroughly qualified placed 
responsible charge work. 

While the subject the “technical training engineer,” 
one point should emphasized, and that connection with 
engineering instruction colleges and universities, thorough 
course maintenance engineering should given those students 
who intend follow railroading. This department needs special 
care and attention, one which money can saved 
wasted very rapidly. great deal practical work needed 
the engineer who follows this branch, but opens large field, 
and, present, the practically trained engineer maintenance 


Jr., (by essential thing edu- Mr. Jones. 
cation give the student, Mr. Swain says, “the ability think 
clearly and logically,” but before this can done there must 
aroused the student interest clear thinking, or, which the 
same thing, logic. Logic the empirical science thought, the 
same sense that biology the empirical science organic activi- 
ties, that mechanics the empirical science moving masses. 
The writer would thus distinguish sharply between philosophy and 
the empirical sciences so-called given facts, which, reality, 
deeper than the facts themselves, and which, such, teach 
nothing the actual internal structure the world. Such sciences 
are the sciences “the world description,” and, this 
implies, merely serve translate into terms thought what ex- 
perience this world finds facts. They are adequate only 
means unifying the common experience many individuals. 
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That this so, easily shown, for who among men has really ex- 
perienced, for instance, the law gravitation? Who can say that 
such law really exists? course, only approximate de- 
scription one small fragment our social experiences, and serves 
only describe what order these experiences may expected 
take place. The law itself valid only far our experience 
now goes, and never states any deep truth the nature facts, 
the behavior which may thus said describe. 

easy say that such considerations these are not 
“practical.” Engineering does not attempt behind the 
satisfied what can dealing with the world science 
finds it, and putting into concrete shape those laws which the 
abstract scientist states adequately describing, for practical pur- 
poses, the various activities Nature. But here the point. What 
are these practical purposes? Are they more than blind grop- 
ing after something unknown? How can grope for something 
which know nothing? life after all such game pure 
chance that may likened blind men seeking for the light? 
know nothing that for which search, then indeed 
could not even know that existed, and then, pray, whence the 
search? But know that, somehow, and sometime, the pur- 
poses this life are fulfilled, and if, therefore, know that this 
fulfillment has real being, then let pause ask ourselves how 
know much, and whence comes our knowledge. Such in- 
quiry must give standard which gauge our purposes, 
and thus only can learn how ought live order that 
our life may given some real value. 

Does not appear the face it, that what education, 
least, ought for teach how estimate and judge 
the student knows nothing the chief business that 
engage his efforts, namely the business living, then how he, 
first all, select for himself proper field for his endeavors, 
and how, when has found his opportunities, make the 
best them? the engineer lay the cornerstone before every 
detail the structure has been worked out? Then, how wise 
for man begin life not knowing what ought next. and 
without any definite plan and purpose hand. 

will claimed, and with some justice, that just here 
that professional education has the advantage over classical train- 
ing, inasmuch gives the student definite plan life—a 
means gaining his livelihood, and interest which should color 
the world for him with meaning which could not otherwise have. 
But does not appear once that the world not the field for any 
special training The world not all manifestations 
the validity electrical theory, any more than the field 
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which the theories statics alone hold sway. the manifesta- Mr. Jones. 


tion conscious life, and such should studied. That for 
individual the laws thermo-dynamics possess particular in- 
terest reason that, for him, the world should only huge 
case the applicability certain differential equations. The 
writer has been with men who were dead facts, and, far 
could make out, dead themselves, unless they stood the 
presence certain types machinery. Such men are not intelli- 
gent beings, they are neither selves nor individuals. seems 
the writer that rather than like that, would almost better 

easy enough say that knowledge but useful knowledge 
should taught, but that depends what meant “useful.” 
man’s life may narrow that very little knowledge will 
useful him outside one two subjects, and, again, man’s 
life may broad that will find some application for nearly 
all knowledge. fact, knowledge never the criterion; 
always life. Then the question naturally arises, for what any 
knowledge useful? useful only means gaining liveli- 
hood—“to fill the till and the larder?” Then are better than 
the beasts the knowledge only value foundation 
for constructive achievement? Alas, all this must leave behind 
us, unless, indeed, torn down and superseded ere go. Yes, 
you say, but each thing done something added, and lives again 
what comes after. But the small fragment purposes 
which leave behind embodied this earth all that 
give real significance being, then indeed how wasted 
life and struggle for self expression, for not the heavens show 
how relatively short-lived even this little planet ours? 

The acquiring knowledge has never been able halt the 
point where knowledge ceases purely utilitarian. 

“Natural knowledge desiring ascertain the laws com- 
fort has been driven ascertain the laws conduct, and 
lay the foundation for 

All knowledge useful rational, that is, the facts are 
harmony with the deepest purposes expressed the world. 
thing useful,” says Plato, “if sought after with view the 
beautiful and the good; but pursued any other spirit, useless.” 
“Tf facts are irrational, and therefore value establishing 
principles conduct, which the chief use facts,” they 
useless. The facts life are teach how live, and the 
richer life, the larger the body organized facts that are 
needed make knowledge. But the word “organized” must 
used with circumspection, for there fact discoverable 
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this world that bears relation any other fact whatsoever. 
fact utterly independent the rest the world. Such in- 
dependent fact would complete anomaly. When speak 
organized facts mean those facts which are the organized part 
botanist, the discoverable facts plant growth, behavior, and varia- 
tions are thereby found and organized attempts 
interpret consciously their meaning. this purpose, namely, 
botanist, were sole purpose life, then indeed would all 
other facts, far they bore definite relations the study 
plants, fade into insignificance, and would classed 
“useless.” But necessary here note that life devoted 
exclusively one class facts would utterly impossible, for 
cne aspect our complex world could thus separated and 
treated, without consideration for the remainder. Such simple- 
purposed lives are found only the lowest animals, where, for in- 
stance, the obtaining food seems the only actuating prin- 
ciple. 

are limited, however, our own stage finite consciousness, 
attention which can only grasp relatively little the world. 
This because fail find more than relatively narrow pur- 
pose life, but, however barren our existence may seem, better 
and more complete purposes are always evolving with the progress 
conscious life toward fulfillment which, course, can 
never hope find this temporal world this stage being. 
But that this fulfillment is, have good warrant for believing. 

How it, then, that may hope approach still nearer 
our ideal—the ideal life that finds its purposes completely 
fulfilled and all conscious experience organized into one perfect 
whole? Our only course lies observing what the progress the 
world appears be, and seeking develop our lives harmony 
with this law progress. life that is, thus, accordance with 
what may, perhaps, call the World-Purpose, truly moral 
life, and will thus express the best form conscious being. 

Our only means discovering what direction this tendency 
lies process trial and error. And this use whenever 


try plan procedure, whenever experiment with 


facts and observe their behavior. This process the role pure 
science. the results our experiment harmonize with our 
already organized experience, accept the modification and apply 
fhe new data our life, thus producing corresponding change 
our own behavior. This new scheme conduct apply again 
and again each new episode arises, until that further 
revision our code is, for our individual life, necessary. Thus 
every process tends become recurrent and develop perma- 
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nent “set” the life the individual. This process develop- mr. Jones. 
ment find particularly evident the life the young conscious 

being before has found plan life and before has learned 

what ought order win much fulfillment his pur- 

pose deserves. 

Now the growth self due purely its social environ- 
ment. adequate model must provided for purposes imita- 
tion. The deeds this model the young self will copy, but where 
finds that such deeds are not applicable the development its 
own individuality will interpolate new deeds that may may not 
meet the exigencies the occasion. this manner method 
procedure will found that will give some form expression 
the new life. But every such intermediate deed will tend become 
recurrent the result found acceptable, accordance with 
what the self hopes do. Some are satisfied with less, and some 
require more; that becomes quite evident that, are 
develop high ideals the young individual, must give him the 
widest knowledge possible what under great variety condi- 
tions have been the deeds his fellow men. This should have 
before allowed select for himself any particular field 
work. 

The fundamental defect our present methods technical 
education seems consist this, that the tentative period dis- 
covery entirely ignored. The student never given breadth 
new experience. life plan becomes recurrent the outset; 
and here the writer disagrees with Mr. Swain most heartily; 
does not believe that the student should allowed select for him- 
self profession until after long period broadening studies. 
should not permitted look his education mere fount 
knowledge which apply his selected experience the 
world. should compelled approach every problem 
experiment, new source experience, toward which be- 
have such way his judgment dictates. his judgment 
defective, then his teacher aid him suggesting new pro- 
cesses conduct, but always leaving the student the final judg- 
ment what right and what wrong. His model should 
never such that can imitate deed for deed, but should only 
suggest him course action between the deeds the model 
and his own conscious activities. The importance thus keeping 
the young mind the first experimental stage long possible 
must palpably evident. Each new mode conduct thus de- 
veloped distinct addition the ability the student adjust 
himself adequately the fixed environment his life. His re- 
current stage being, his permanent mode behavior toward this 
environment, should developed not response the demands 
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the artificial world his school, but response the demands 
the actual world which find his place. This can 
find only so-called practical experience. 

Engineering pretty much the same any field. differs 
only the sub-classes facts discriminated. And for this very 
reason the student should given good foundation general 
studies, with other selective studies thrown add 
little zest his life. After this preparation, which the writer 
grants, should begun early life, the student able “choose 
profession” with justice both himself and the world. This 
will take time? course will take time—the longer the better, 
both for the future engineer and for the public, and, course, 
the writer speaking the majority engineers. 

course, will readily seen that the engineer simply 
individual who has found his plan life, and now applying, re- 
currently his experience, the processes has learned during the 
more tentative, receptive and progressive period his being— 
progressive, because very generally during this period alone 
that opportunity offers itself for original addition our inter- 
pretation Nature. man ever wins purely recurrent form 
behavior, because the human consciousness never able 
grasp more than small fragment the world one time. type 
being whose knowledge deep that experience comes 
enly facts which further application its present plan 
conduct possible super-human self. Some men never attain 
fixed scheme life, and among such men that the idiot 
usually found. Other men, who have found what kind 
activities can best give expression their life purpose, still retain 
the power originating new deeds very remarkable 
such class belongs the genius, and this class belong all 
those men whose lives have exerted the greatest elevating influence 
upon the world. 

The only measure the worth knowledge, then, whether 
broadens and develops the Whether the expression the 
“self” requires more less knowledge for its development the 
only success. The successful life the life the 
who needs much the world express his life purpose, for 
indeed, the world more nor less than the most complete ex- 
pression that the “self” can gain the short span human life. 

The fundamental object education should arouse the 
student perception that not the world that limits his life, 
but that his life that limits the world. should shown 
first what relations and the world bear one another, and not 
urged swallow much the world can. Let him, 
can, appreciate the fact that science never all truth, that the 
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world not huge physical laboratory, but that shown Mr. Jones. 
only terms conscious purposes seeking their fulfillment, and 

that the broader, deeper and nobler his purposes, the truer the 

world will for him. may then rest content, finds that, 

his life, even small fragment his chosen work can com- 

pleted. has least learned what be, and will know 

that, however much his life has been error, whatever worthy 

will find its goal and its fulfillment. For, were there 

ments, there could purposes fulfilled. 

All this can, and should, taught integral part the 
curriculum, not necessarily special study—although the writer 
that least course lectures could advan- 
tageously added—but indirectly modification the usual 
methods instruction due the employment men who are 
teachers, the real sense, men who, intuitively otherwise, know 
enough the psychology teaching and the nature the young 
mind make their pupils think, not after any haphazard manner, 
but logically and reflectively, because they understand and appre- 
ciate the nature the contrast between the world and their ideas. 

the complaint that men the right caliber say they can 
find better and more lucrative employment for their abilities 
the practical walks life, answer can made that 
educational system that turns out men egotistical, selfish, 
dead the higher duties life, that they can find their 
hearts make dubious excuse is, ipso facto, bad educational 
system. 

One more word the longer period studies; teachers argue 
that public opinion against the six-year course. What is? 
The duty the teacher educate the public point 
where will know what good for it. 


Grorce Am. Soc. (by writer Mr. Swain. 
has been very much interested the discussions upon this subject, 
and will comment briefly upon few the statements which have 
been made. 

The question raised Mr. Bouton, with reference the elimi- 
nation opens rather large subject which 
does not seem appropriate pursue this time, has only 
indirect relation engineering There are probably in- 
competent men practicing the profession engineering, who have 
been graduated from technical schools, and there are very competent 
men practicing it, who have had training technical schools. 
The time will come, perhaps, when some guaranty man’s ability 
will required before allowed practice engineer, but 
the objections any requirement this kind, which Mr. Bouton 
himself has stated and quoted, seem the writer quite strong. 
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may remarked that practitioners who belong the class desig- 
nated Mr. Bouton frauds probably not have much chance 
engineering they have medicine, for, the case the 
latter profession, the matter sentiment has very strong bear- 
ing, and people are governed largely when dealing with ques- 
tions concerning their own health. Probably engineering will 
found impracticable eliminate incompetent men until the em- 
ployers engineers are sufficiently educated able dis- 
tinguish competency from incompetency. 

The writer dissents from Mr. Rafter’s plea for smaller schools. 
There are advantages and disadvantages large schools, but 
seems that very essential point the number students per in- 
students large there are small school, there distinct 
gain the former, account the specialization which may 
introduced, that the student meets many men instead few, 
and these men are presumably better posted their special lines; 
although, rule, may not come into intimate con- 
tinuous contact with any one man does small school. 
student going small school can come into intimate per- 
sonal relations with some very able and inspiring man, this contact 
great value him, but the chances are that large school 
will meet more and abler men, and gain more inspiration. More- 
over, the stimulus large number students working along 
different lines importance. The writer very much surprised 
Mr. Rafter’s assertion that: 


“It within the experience everybody who has studied 
technical school that, during the first year two practical work, 
chiefly engaged unlearning the things learned there, and 
during the next year two mostly forgets the things learned— 
any rate, far mere memorizing concerned.” 


this statement true any considerable extent, severe 
reflection upon the present methods used our engineering 
schools. Undoubtedly much improvement may made methods 
teaching. There much mere parrot-like learning from books, 
and memorizing formulas and rules, but this not teaching, 
and the intending engineer should shun schools, there are any, 
where such methods study are the rule. There are many schools 
where the object secure true mental training, and where the 
attentive and industrious student can secure this training. 

Several those who have discussed this subject have suggested 
the appointment committee this Society consider the gen- 
eral question. The writer heartily favor such action, and 
believes that properly constituted committee may accomplish good 
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recognition its desirability the profession and the public. 

Professor Landreth’s argument favor taking one con- 
tinuous course study, instead taking first college course and 
afterward technical course, very strong, and emphasizes the 
writer’s remarks and opinions. Such continuous course prac- 
ticable university with which technical school connected, 
and the writer feels that proper call attention the fact 
that also practicable some independent technical schools, 
as, for instance, the Massachusetts Institute Technology, which 
has always insisted the desirability including some general 
studies engineering course, and has always provided large 
staff teachers for such general studies. The last catalogue this 
institution shows that faculty 75, there are mathematics, 
modern languages, and also large number instructors 
language and general studies. becomes more fully realized 
that the engineer must broadly trained man, will more 
fully realized that our technical schools must one two things: 
they must either make their courses graduate courses, requiring 
college degree, or, for admission, must have substantial equivalent 
training; they must include their own curricula consid- 
erable amount training culture studies, increasing the length 
time devoted the course. will found essential that the 
independent engineering schools have strong faculties general 
lines study. provided, these independent 
technical schools will be, reality, colleges giving both general 
and technical education one continuous course, with the added 
advantage that comes from the fact that the students are working 
with aim; that they not the school primarily have 
good time; that they are more earnest, industrious and interested 
their work than the average student. course six years, with one 
year practical work preceding it, Professor Landreth suggests, 
seems the writer, however, rather longer than the average young 
man would able afford. 

The writer thoroughly agrees with the emphasis that Mr. Green 
lays the breadth training which needed for the engineer 
the future. cannot agree, however, with Mr. Jones that the 
student should allowed select course for himself only after 
long period broadening study. His experience and judgment 
alike convince him the tremendous advantage which comes from 
having aim, and believes that young man eighteen, with 
the advice teachers and parents, should able choose his 
career within broad general lines. can decide, for instance, 
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whether wishes follow some scientific pursuit, whether 
wishes follow law, economics, literature. can thus enter 
upon some general course study, not leading first spe- 
cialized profession, but only well-defined direction, and, the 
course year two, will able narrow his aim still 
further, until, the last two three years his course, will 
aiming directly some one the recognized professions. For in- 
the writer believes that, during technical course four 
years, the differences between the courses civil, mechanical and 
electrical engineering should slight during the first year, even 
during the first two years. student advances his subjects, 
will better able discover the course for which seems 
fitted. amount browsing around upon philosophy, lang- 
uage, economics will help him this. studying chemistry 
will decide whether adapted for chemistry, and, so, 
can direct his work toward chemical engineering, applied chemistry, 
mining engineering, sanitary engineering; and finds that 
subject repugnant him, and that interested mathematics, 


geometry and machinery, may turn toward 
electrical engineering. 
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Paper No. 1031. 


STREET TRAFFIC NEW YORK CITY, 
1885 AND 1904.* 


TILLSON AND RICHARDSON. 


December, 1885, Francis Greene, Am. E., read 
paper before this Society, entitled “An Account Some Observa- 
tions Street which presented certain data, 
regard ten the large cities the United States, collected 
that year the employees the Barber Asphalt Paving Company. 
also called attention the desirability having traffic measured 
systematically frequent intervals, uniform system, the 
leading cities the world, for comparative purposes. Since that 
date further observations have been made, far the writer 
aware, any the cities considered Captain Greene, either 
the United States abroad, with the exception count, made 
1896, the number vehicles traversing Fifth Avenue, New 
York City, various points, before the removal the granite block 
pavement from that street. 

November and December, 1904, additional data were col- 
lected, the writer’s suggestion, employees the Barber Asphalt 
Paving Company, ten streets New York City, for the purpose 
determining the traffic carried number representative 
streets that time. The results this count, worked out 


* Presented at the meeting of September 19th, 1906. 
+ Transactions, Am. Soc. C. E., Vol. XV, p. 123. 
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employees the company, were presented not long after the 
engineering journals compurison with the data 1885, and with 
data for Paris and London cited Captain Greene. The weights 
attributed the vehicles, those working these data, were made 
include the horse horses, but this was not done calculating 
the tonnage Captain Greene’s paper, and has not been the 
practice abroad. seems, therefore, that the comparisons made 
that time were not correct. All the data having since then come 
into the writer’s possession, has seemed worth while present 
them here, considerable detail, for future reference, and com- 
pare the results derived from them with those obtained Captain 
Greene, when calculated the basis used him 1885, although 
they have also been worked out basis which, believed, 
represents more accurately the traffic carried the streets 1904. 
data were collected with somewhat greater detail 1904 than 
The observations were made two persons, observer and 
recorder with talley sheet. They were taken two days (with 
the exception those Fifth Avenue, which occupied three days), 
from windows overlooking the various streets. They covered 
period eleven hours, from M., being that time day 
which the principal traffic concentrated, one hour less than 
that covered 1885. 
For the purpose determining the tonnage carried the vari- 
ous streets, the writer has assigned the following weights 
different classes vehicles, from data furnished several the 
most prominent carriage and truck builders. 


VEHICLE. WEIGHT. 


One-horse delivery 1000 
Two-horse delivery 1500 
Omnibus (streets other than Fifth Ave.). 1550 
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this basis, the total tonnage per foot width street has 
been excluding the width car tracks, where these 
exist, because the main traffic, especially asphalt, confined 
that portion the street lying between the tracks and the curb. 

From the observations 1885, Captain Greene divided the 
into only three classes: light weight (less than ton); 
medium weight (between and tons); and heavy weight (more 
than tons). For the purpose comparison with the data 1885, 
the observations 1904 have also been calculated this basis, 
using, however, more detailed data regard vehicles which 
weigh more than tons, those and tons are not uncommon 
now the streets New York. The results obtained this way 
are presented Table 

Having the preceding data, comparison the traffic 1885 
with that 1904 can made satisfactorily only Fifth Avenue, 
the other points observation the two years not being the same. 
This comparison given Table 

appears that Fifth Avenue, 460 vehicles passed the Worth 
Monument 1885, and passed over the granite pavement 
1896; whereas, 1904, 12068 were observed between Thirty-third 
and Thirty-fourth Streets, increase about 120 percent. 
Captain Greene estimated the average weight per vehicle 0.68 ton. 
1904, according the weights which have been assumed 
correct, the average weight per vehicle was 0.82 ton, 0.83 ton 
Captain Greene’s basis. 1885, 91% the vehicles weighed 
less than ton, while, 1904, 79%, much smaller number, were 
this character. The traffic this street, therefore, while still com- 
posed largely light vehicles, has increased enormous extent 
eight years, and the average weight per vehicle very con- 
siderable extent. The tonnage per foot width, Captain 
Greene’s basis weight, has increased from 251, 247 
the writer’s basis. 

Reference Table shows that, with the exception First 
Avenue Twenty-sixth Street, Fifth Avenue carries the heaviest 
traffic the City New York, although this traffic composed 
the largest percentage light-weight vehicles. This fact, how- 
ever, must given great deal consideration, since small 
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tonnage heavy-weight vehicles will undoubtedly cause greater 
deterioration the pavement than larger lighter 

1885 the traffic Broadway, near Pine Street, amounted 
273 tons per ft. width. enumeration was made this point 
1904, but the two points where the count was made, between 
Eighteenth and Nineteenth Streets, asphalt, and between Frank- 
lin and Leonard Streets, granite block, the tonnage only reached 
107.2 the one and 65.5 the other. These figures are 
the Greene basis calculation, which includes the car tracks 
the width the street, and which must used for comparison 
1885 and 1904 data. the writer’s basis calculation, the ton- 
nage these two points amounts 169.8 and 96.9. 

These figures are exceeded those for First, Fifth and Eighth 
Avenues, and for Fourth Street. quite surprising, therefore, 
find that the Broadway traffic not heavy one, the present time, 
compared with that several other streets New York, while 
has, very possibly, decreased rather than increased since 1885. 

interesting fact that the heaviest traffic which has been 
counted New York First Avenue, Twenty-sixth Street, 
and that largely made vehicles heavy class, averaging 
2.18 tons weight, only 26% being less than ton. also 
worthy note that the pavement this street not form 
construction caleulated withstand such traffic, not 
supported hydraulic concrete base. 

For the purpose comparing the traffic the streets New 
York with that upon streets London and Liverpool, seems 
worth while present here certain data regard the latter, 
collected Captain Greene, from the papers Messrs. Hayward, 
Deacon, Howarth and Stayton. This information given 
Table 

appears that the tonnage per foot run some streets 
London was far greater, even 1873, than anything found 
New York, reaching 412 King William Street, street the 
same width Fifth Avenue, where the vehicles average 1.06 tons 
weight and 16484 number. the other hand, street 
London was the average weight the vehicles great that 
First Avenue. must remembered, however, that London 
there enormous number omnibuses which are not found 
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New York streets, for instance, the 10776 vehicles passing 
along Piccadilly, 32% are this description, and average tons 
weight, while only 56% are cabs, averaging ton each. Notwith- 
standing this, the traffic Fifth Avenue approaches tonnage 
per foot run that 1873. Unfortunately, there are 
data available for the latter street the present time. The 
doubt, has largely. 

has been the custom the Continent, and, some cases, 
England, classify the traffic according the number horses 
attached the vehicles, or, denoted Paris, the number 
collars. For the purpose comparing the traffic New York 
streets with that the streets Paris, recorded series 
observations made 1881 and 1882, the New York data have been 
calculated the basis the number collars passing the different 
points, and this shown Table 

For comparison with these figures, Table shows the traffic 
prominent streets Paris. 

The preceding data show that the traffic Paris 1881 and 
1882 was very much greater than that the streets carrying the 
heaviest traffic New York City the present time. fact, 
traffic has been any street any city the world 
which can equal that for the Rue Rivoli Paris 1881, which 
that time was nearly three times great that Fifth 
Avenue to-day, the width the two streets being practically the 
same. the case some the London streets, the great ton- 
nage carried this street attributed the large number 
extraordinarily heavy omnibuses which traverse it, these vehicles 
being much heavier than those used New York London, and 
each counting for three collars. each collar weight 0.5 
assigned, the tonnage this street would amount 534 per ft. 
width, which nearly double that Fifth Avenue. 

has been said, according the method adopted the Con- 
tinent, England, and Captain Greene 1885, 
was given the weight the horses calculating traffic which 
the pavements were subjected from the number vehicles enumer- 
ated. Mr. Root, District Manager the Barber Asphalt 
Paving Company, New York City, working out the data which 
were presented the engineering journals 1905, included the 
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weight the animals well that the vehicles, arriving 
conclusion the traffic carried the various streets.. 
this basis obtained the results given Table 

the writer, the latter method statement, the estimate 
the weight the vehicle and animal correct, seems much more 
desirable. From the point view one who has been employed 
for many years the construction pavements and observations 
the causes their deterioration, has become evident that the 
latter due much more the impact the horses’ hoofs, especially 
the case asphalt pavements, than vehicles rolling quietly 
over the surface; this, course, with the understanding that the 
base supporting the pavement sufficiently rigid satis- 
factorily and prevent vibration the wearing surface. 

For these reasons seems desirable consider the data 
Table representing the true traffic the various streets 
regard which the data were calculated, and suggest that, 
any observations made the future, due consideration should 
given the weight the animal well that the vehicle. 


a 
{ 


5th Ave., 33d to 34th Sts............. | 835 272 74 1 399, 351/1 870 182] 323) 129 35, 8; 7 | 12 068 
” Ist Ave., 26th to 27th Sts...... ° . 14 7 25 1 1411 381; 10 1 122)1 382 582 351 | 277 | 180 | 91 | 241 6 037 
Pa 8th Ave., 34th to 37th Sts...... 37 37 44 2849 928) 114 5 292) 720 375 | 209 141) 40 12) 49) 5 769 
Broadway, 134 58 40 1132, 402) 252 54 | 382 178 | 9 | 52) 20) 6| 10) 8 771 
4th St.., Wooster St. to West Broadway. 229 21 18 829 |; 2 56) 589 288 | 122 62) 339% 
10th Ave., 22d to 23d Sts............ 52 8 2 4 1007; 458) 11, 841 | 548) 205 | 118 81 17 16) 19| 2 8y2 
= 3d St., Mercer to Greene Sts. err | pz) 2 2 3 513) 444) 6 0 46 250, 182 | 53 | 51) 20) 4) 24) 15 
2d Ave., 34th to 35th Sts......... 82 3 2 6 559; 206 15 2 77 | 169 69 30 40 6 1 8 | 1 23 
34th St., Broadway to 7th Ave.......... 7 7 15 45 595) 148) 2 0 116 15) 19 2 13) 1018 
a | J | | | | 
4 
| | | 
| | 
5th Ave., 38d to Mth Sts..................| 40 | 9588 | 79.45 | 2 357 19.54 | 111 | 0.92 12 | 0.09 | 12068 | 9875.0 0.82 246.9 | 16 007 400.2 
ist Ave., 26th to 27th Sts. 44 | 1 555 | 25.76 | 3 342 | 55.86 | 808 13.38 332 | 5.50 6 037 | 13 167.8 2.18 299.2 | 10 150 230.7 
8th Ave., 34th to 37th Sts. > 44 | 3172 | 54.98 | 2 146 | 37.20) 390 | 6.76 61 | 1.06 | 5769) 7683.8, 1.38 174.6 | 8039 18 .9 
Broadway, 18th to 19th Sts.................| 25 | 2443 | 64.78 | 1147 | 30.42) 165 | 4.38 16 | 0.42 | 3771 4 244.3 1.47 169.8 | 5 033 201.3 
4th St., Wooster St. to West Broadway.) 32 | 1 185 | 34.88 | 1 830 | 58.88 | 298 | 8.77 8 | 2.47 | 3397) 5 772.0 1.70 180.4 | 5 091 159.1 
Broadway, Franklin to Leonard Sts........| 28 | 2577 | 78.64| 673 | 29.58, 22 | 0.67 5 | 0.16 | 327 2 714.4 | 0.88 96.9 | 4143 147.9 
10th Ave., 22d to 23d Sts........ oe 34 | 1421 | 49.14 | 1220 | 42.18 216 | 7.47 35 | 1.21 | 2892) 4 237.8) 1.47 124.6 | 4 388 129.0 
$d St., Mercer to Greene Sts... 28 | 589 | 37.42) 833 | 52.93 124 | 7.88 281.77 | 1574, 2469.0 1.57 88.0 | 2 263 80.8 
* 2d Ave., 34th to 85th Sts........... 46 683 | 55.76 457 | 37.31 76 | 6.20 9 | 0.74 1225| 1568.5 1,28 34.1 1 706 37.1 
Sth St., Broadway to 7th Ave...........| 24 593 | 58.25 376 | 36.93 36 | 3.54 13} 1.28 | 1018; 1251.1 1.23 52.1 | 1415 58.9 


Nore.—The width ‘does: not include the car tracks, as these carry only a small proportion of the traffic. 
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STREETS, 1904, 7 A. M. TO 6 P. M. 


TABLE 3.—TRAF¥FIC ON NEW YORK 


VEHICLES. TONNAGE. CoLLaRs. 
& Lessthan | From 1 to | From 4 to From 7 to | 
Street. ton. tons. 6tons. Per Per 
| Per 
| | 
5th Ave., 33d to 3ith Sts..... ecccccccccccs| 40 | 9588 | 79.45 | 2 957 111 0.92| 12 10 036.0 0.83 16 007 | 400.2 
1st Ave., 26th to 27th Sts.................| 44 | 1555 | 25.76 | 3 342 808 | 332 13 017.5) 10150 | 230.7 
8th Ave., 34th to 37th Sts....... eseeee, 44 3172 | 54.98 | 2146 390 | 6.76 61 1.06 5769; 7 865.0 1.36 | 8049| 182.9 
Broadway, 18th to 19th Sts................., 25 2443 | 64.78 1147 165 | 4.38 16 | 0.42 3771) 4 287.5 1.14 5 033 | 201.3 
4th St., Wooster St. to West Broadw ay 32 1185 | 34.88 1 830 294 8.77 84 2.47) 3397) 6 032.5 1.78 5 091 159.1 
Broadway, Franklin to Leonard Sts.... 28 2577 | 78.64) 672 22 0.67 5 | 0.16, 3277) 2 732. 0.84 | 4143) 197.9 
10th Ave., 22d to 23d Sts...................| 34 1421 | 49.14 | 1 220 42.18 216 TAT 35} 1.21) 2802) 4 259.5)- 1.47 4388) 129.0 
2d Ave., 34th to 35th Sts.... .. . 6 683 | 55.76 457 37.31 76 | 6.20 9 0.74 i 225; 1 622.2 1.32 | 1 706 37.1 
3th St., Broadway to 7th Ave...........| 24 593 | 58.25 376 | 36.93 | 36 3.54 13 | 1.28) 1018] 1 283.5 1.26 1415 58.9 
| 
Note.—The width does not include the car tracks, as these carry only a small proportion of the tra 
TABLE 4.—TRAFFIC NEW YORK STREETs: COMPARISON 1885 AND 1904. 
VEHICLES. TONNAGE. 
Width 
Year. Street. Pave- Less From Over 
| = Tota Total. fm width. 
885 } Broadway, near Pine St............... 40 Granite 4 379 54 2 502 34 930 12 7811 |10 905 1.39 273.0 
{ ppeatuer. 18th to 19th Sts............ 40* Asphalt. | 2443 64.78 1147 | 30,42 181 4.80 | 3771 4 287.5) 1.14 107.2 
} 5th Ave., 33d to34thSts............. 40 Asphalt. 9 588 79.45 | 2 357 19.54 123 1,04 | 12068 |10 036.0] 0.88 250.9 


1904 the width the streets has been taken exclusive that the car these carry small portion traffic. For 


the purpose comparison with the data 1885 the width Broadway has been considered including the car tracks this table. 
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SE 


34th to 37th Sts....... 


Wooster St. to West Broadway. 


Broadway, Franklin to Leonard Sts.... ... 
10th Ave., 22d to 33d Sts 


Mercer to Greene Sts... 
Mth to 3th Sts.......... 
Broadway 7th Ave............ 


VEHICLES, 


Width, 
in One-horse. Two-horse. 
feet. 
No. No. 

40 8 184 67.8 8 829 31 
44 2714 44.9 2 534 42 
44 83 731 64.7 1 796 31 
25 2 597 68.9 1 086 28 

2 1 963 57.8 1174 34 
28 2 422 73.9 844 25. 
34 1 529 52.9 1 230 42 
28 : 62.4 492 31 
46 65.2 371 30 
24 64.4 8329 32 


Three-horse 
and over. 
No. % 
0.5 
789 13,1 
242 4.2 
260 7.6 
11 0.3 
143 4.6 
99 6.3 
55 4.5 
3.3 


Total. 


12 068 
6 037 
5 769 
8771 
8 397 
3 277 
2 x92 
1574 
1 225 
1018 


STR 


1 Collar = Cabs, Gasoline Autos, 1-Horse Delivery Wagons and 1-Ton Trucks. 
2 Collars = Carriages, Omnibuses, 2-Horse Delivery Wagons, Electric Trucks, Electric Autos, and 2,3 and 4-Ton Trucks. 


3 Collars = 5, 6, 7 and 8-Ton Trucks. 
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1873 1884. 


7 Total num- 
Total vehicle, 
* width, 
London,.,, Gracechurch St.... 32 12 148 13 507 1.11 422 
* .... King William St... 40 15 513 16 484 1.06 412 
22 8 167 8 320 1,02 BYE 
Strand and Fleet St. 37 16 208 13 596 0.84 8367 
|Pariiament 8t..... -.| 14 306 14 880 1,01 322 
(Oxford &.... 57 16 886 17 076 1.01 800 
... Cheapside’... 32 9419 9 260 0.98 290 
..,. Leadenhall St...... 80 6 128 7 588 1.08 253 
Macadam.. 37 10 776 9 358 0.87 258 
,....Edgeware Road... 43 8 212 8 376 1.02 195 
Macadam.. 52 10 796 9 668 0.90 186 
Macadam. 40 6 040 5 780 0.96 145 
Liverpool 


TABLE Paris, France, 1881-1882, 


Street. Width, Number of | Collars, per foot | Total number 


feet. Collars. width, vehicles. 
Rue Saint-Honore...... he 28.208 19 672 697.4 16 589 
Boulevard Haussmann 45.92 14 096 806.9 12 638 


Avenue des Champs Elysées| 89.872 14 OR2 156.7 12 028 


WEIGHT ANIMALS INCLUDED WITH VEHICLES. 


| 
. 


Average ton- 


Average 


vehicle. for hours. 


5th Ave., 33d to 34th Sts....... 1.64 491 
1st Ave., 26th to 27th Sts............... esececcceses 8.18 435 .58 
8th Ave., 36th 2,28 296 
St., Wooster St. West Broadway. 289.18 
Broadway, Franklin Leonard 1.74 
10th Ave., 22d Sts.............. 2.69 
3d St., Mercer to Greene Sts 2.51 140.50 
2d Ave., 84th to 85th Sts...... 2.24 117.86 
3th St, 2.03 89.22 


| | 
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DISCUSSION. 


travel, such those given the author, possess general interest 
the student urban life and development. the municipal 
engineer, their chief, and practically their only, value consists 
the evidence they afford the service and endurance street 
pavements. 

While the relative durability the several kinds pavement 
used the streets American cities means the controlling 
factor comparing the merits one pavement with another, 
yet one very great importance. Considering its importance, 
surprising how few reliable and satisfactory data there are upon 
the subject. More capital invested street pavements than 
any other department municipal work, and the charges for pave- 
ment maintenance constitute, usually, the largest annual expendi- 
ture for any one public utility municipal accounts. would 
naturally expected, therefore, that the relative economy differ- 
ent street pavements would studied carefully municipal engi- 
neers, and that such experimental investigations would conducted 
would furnish the necessary data for intelligent discussion 
the subject. 

now generally accepted among engineers—though not yet 
appreciated the public—that, other things being equal, the 
life pavement measured the quantity travel 
capable enduring before worn out, and not its age 
years. This being so, the important thing ascertain, ac- 
curately may practicable, the service record the various 
kinds pavement use, measured some common standard which 
will permit intelligent comparison results. Here, other 
departments scientific investigation determine relative values, 
isolated observations that are not based upon, not reducible to, 
uniform standards are eomparatively worthless. However interest- 
ing they may be, and whatever they may suggest, they lack the one 
element that would make them practically useful. Unfortunately, 
this may said nearly all the few observations that have been 
made street travel. Aside from their inadequateness, they are 
not comparable upon common basis. 

Until generally recognized that there the same necessity 
for uniform methods and standards this work other scien- 
and engineering investigation—as for instance the testing 
structural materials and the performance boilers and engines— 
street censuses travel will continue possess very little engi- 
neering value. 

The writer has long felt that the value municipal engineers 
adequate and properly conducted censuses street travel would 
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great make their cost trifling consideration. other 
way can the travel-endurance value the several kinds pave- 
ment, under the varying conditions actual service, even approx- 
imately determined. 

field which the municipal engineer finds present 
reliable data guide him one the most important departments 
his work. were conclusively established that two varie- 
ties pavement, approximately equal other respects, one 
capable 25% greater endurance under travel, or, other words, 
that its economic life was one-quarter greater than the other, the 
knowledge might well worth hundreds thousands dollars 
our cities. 

The writer does not desire discuss the subject detail here, 
but wishes call attention, first, the very great value prop- 
erly conducted street censuses travel, and second, the import- 
ance the adoption standard units and methods conducting 
such work. would well worth while for some technical society 
dealing with municipal engineering appoint committee devise 
and formulate standard code rules and regulations for the 
guidance those who may have opportunity occasion engage 
such investigations. 

ardson has presented this paper the Society, for, while interest 
the subject may largely academic, such investigations, 
pointed out Mr. Whinery, will have very practical value their 
application the study the efficiency and wearing qualities 
different kinds pavement. 

seems remarkable that little work this kind has been 
attempted; but the engineers responsible charge the high- 
ways large cities are exceedingly busy men, and have very little 
time for investigations professional interest and value such 
they would like make. also strange that little has been 
done the United States confirm elaborate the observations 
made General Greene 1885. 

amusing see how writers the subject highways and 
their improvement have been copying and incorporating their 
hooks and papers, year after year, the old tables showing the results 
the observations Hayward and others the traffic London 
streets. and those Paris—observations which were made 
generation more ago. These old figures the thirty odd thousand 
vehicles the Rue Rivoli have very familiar look, and may 
found almost every book the subject. Whether they have 
ever been verified the speaker does not know, but Mr. Richardson 
has stated that made some observations, had some made, re- 
cently Paris, and that the number vehicles did not come 
the old figures given for the Rue Rivoli. 
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will noticed that the observations described Mr. Richard- Mr. Lewis. 
son extended over two days the New York streets, with the ex- 
ception those Fifth Avenue, which were continued for three 
days. referred the practice Great Britain taking obser- 
for one hour one day, another hour the next day, 
still another hour the third, and on. the speaker’s judg- 
ment, the most satisfactory and accurate results would obtained 
making observations, not one day two days—certainly not 
different hours succeeding days—but continued observa- 
tions extending over not less than one week. 

Observations that kind were taken number streets 
Brooklyn, Y., January, 1896, and demonstrated very clearly 
the erroneous deductions which might made from observations 
limited one day eouple days—certainly from those 
covering but hour two. 

While the results these observations (presented graphically 
Fig. have special interest account the volume traffic, 
they illustrate forcibly the sudden changes which may occur 
the volume such traffic, especially asphalt pavements. will 
seen that, under normal conditions, there are noonday and after- 
noon maxima. Monday, January 6th, which was unusually 
cold day, with average temperature 4°, the volume traffic 
was somewhat irregular, with decrease between and 
addition the customary lull which always occurs about 
Tuesday, the temperature rose the travel increased, but 
1.45 snow began fall, and the line indicating the volume 
traffic immediately fell the most striking manner. Again, 
Saturday, the snow had nearly all disappeared from the center 
the roadway noon, and will seen that, for the first time 
since the snow appeared, there was afternoon maximum. 

may said that the variations indicated this diagram are 
those extreme case, but they illustrate forcibly how the volume 
traffic asphalt other smooth pavements affected local 
and lead one question the accuracy results obtained 
from observations lasting only one two days. 

The classification vehicles made the author quite minute, 
including vehicles less than ton, those from tons, from 
tons, and from tons. the observations made 
Brooklyn, simpler classification was used, but all horses were in- 
cluded, whether they were driven, ridden led, and careful record 
was kept the falls, which was also conspicuous feature Mr. 
Hayward’s London observations. These falls were classified 
falls the knees, falls the haunches, and complete falls. 

The author’s data appear have been collected two men, 
observer and recorder. The observer, therefore, was obliged 
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Mr. Lewis. assign one least four classes more than 12000 vehicles 
passing before him Fifth Avenue hours; but the rate was 
means uniform, and more than probable that the rate 
their passage certain hours reached that 2000 even 3000 
hour. The recorder was also obliged assign each these 
vehicles its proper column. This was exceedingly difficult 
thing with any degree accuracy, and, doubtless, there was 
great deal guessing and large number errors. 

difficult explain the extraordinary falling off the 
traffic Broadway, New York City. 1885 this traffic was about 
7800 vehicles per day Pine Street, while 1904 was found 


BETWEEN HANCOCK ST. AND HALSEY ST. 
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++ 25° Clear Snow mostly melted from center of roadway by noon, Temp 2 P.M.+ 29“ 


less than 300 per day between Franklin and Leonard Streets, 
and 3771 per day betwen 18th and 19th Streets. This indicates 
decrease more than 50% the number vehicles using Broad- 
way. 

Possibly this can explained the fact that the side streets 
lower Manhattan now have very much better pavements than 
they had twenty years ago, while the decrease traffic Broadway 
between Franklin and Leonard Streets might largely accounted 
for the widening and improvement Elm Street; but, that there 
has been decided decrease the number vehicles and the ton- 
nage Broadway appears have been pretty well demonstrated. 


2 
——+——+ 
| 
Jan 6,96 |Temp. 7 A.M.—v3" 5 A Clear. Unusually cold day, Average Temp.+ 04° Temp. 2 P.M.-+10° 
16° Fair till snow began to fall. Funeral,11.60 Snow began 1.45 P.M. Temp. 2 P.M. 22° 
OF Fair Light covering of snow on pavement Temp, 2 P.M. +13° 
| 17° Fair in A.M. Snow on pavm't all day. Snow began 12.15 P.M, Temp. 2 P.M.+ 24° Sleighs after 3.50 
wf 21" Pair Snow on pavement, Sleighs from 8 A.M. tol P.M, Temp 2 P.M.+29" 
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order that statistics street travel may have any real value, Mr. Lewis. 


standard method observation and compilation most neces- 
sary. The committee Standard Tests Road Materials, the 
American Society for Testing Materials, has discussed the desira- 
bility securing data street traffic, but, although the speaker 
was member the sub-committee which intended investigate 
this subject, has been unable attend the conventions, and 
not aware any definite action which may have been taken. 

The speaker would again emphasize the importance such ob- 
servations the author has made, and his appreciation their 
value engineering investigations pavements and roads, and 
the materials and methods used their construction and main- 
tenance. 


ing find printed information about street pavements. Engineer- 
ing literature wofully deficient data regarding the forces 
that tend destroy pavements that anything the kind doubly 
welcome the engineer who making specifications for con- 
structing them. 

seems fact that, making specifications for lay- 
ing street pavements, nearly all engineers are now using old 
rule-of-thumb, the same used forty fifty years ago. un- 
derstanding this subject, course, more necessary design- 
ing asphalt than other pavements, and the author about the 
only man who has been studying the matter systematically, and 
applying his knowledge such way that designs pavement 
meet the traffic conditions the street. 

There are great many difficulties obtaining infor- 
mation this kind. The way which work carried on-—most 
contract—does not give cities exact knowledge the 
cost different pavements. short time ago attempt was made 
decrease the expense the pavement some streets where 
was known that the traffic would light. this the wearing 
surface the pavement—an expensive one—was decreased 124 
per cent. The result was that the price bid was just high 
when the full amount wearing surface was required. should 
stated that this wearing surface was practically furnished 
one party, and there was very little competition. The specifications 
were then changed, the full depth wearing surface being stipu- 
lated, was thought that, the full amount was paid for, 
the full depth should obtained. 

studying these statistics, difficult get the facts, order 
know the effect the pavements, and some the data the 
paper illustrate this very well. The number vehicles reported 
Fifth Avenue was 000, and their tonnage little more than 000, 
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which gives foot-tonnage 246. First Avenue, where the 
total number vehicles was 6000, half many Fifth 
Avenue, the tonnage was 13000, little more than 299 
per foot. From this might said that the two streets would 
require nearly the same kind pavement; but, the character 
the traffic should examined. the 12000 vehicles reported 
Fifth Avenue, 50% were cabs with rubber tires, and each was 
drawn one horse; 12% were automobiles with rubber tires, and 
were driven their own power. First Avenue, the 
entire number vehicles were cabs, and was automobiles. 
seen, therefore, that the effect 2-ton automobile 
pavement compared with the effect 2-ton truck, and the 
same consideration given each, that the variable may 

has always seemed the speaker that 2-ton vehicle drawn 
over rigid pavement—such granite brick—would much 
more damage drawn at, say, miles per hour than would 4-ton 
truck drawn the rate miles per hour. 

About eight years ago, Kent Avenue, Brooklyn, was paved 
with granite concrete base, the blocks being the hardest that 
come the New York market. This avenue the river front 
where one side the street lined with sugar packing-houses, 
and was estimated that time that 1200 sugar trucks, each 
weighing, with its load, tons, were driven over this pave- 
ment every day. these trucks had return, and, taking their 
14000 15000; and, the roadway only ft. wide, in- 
cluding street-car tracks, the tonnage was 450 tons per foot. Now, 
compare 450 tons Kent Avenue, considering the character its 
traffic, with 450 tons the kind traffic Fifth Avenue, and 
will seen that the variable may large. 

Mr. Whinery’s suggestion, adopt some systematic method 
taking these observations, very good one. the United States, 
officials have been very backward work this kind, and 
sad commentary the foresight enterprise municipal cor- 
porations when the only information obtained regarding street 
traffic that furnished commercial corporation. The only 
case known the speaker where municipal corporation attempted 
investigate its traffic needs that mentioned Mr. Lewis. 

There was one interesting feature those needs which, perhaps. 
forgot mention, but which illustrates what often found 
the traffic certain days and certain hours taken the 
standard. certain day the curve ran very high, and upon in- 
quiry was learned that very large funeral passed through the 
street about that time. 
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the appearance this paper, the writer has been privileged spend 
five weeks London, where made some personal observations 
the traffic, obtained many interesting data,* and became acquainted 
with publication the subject Mr. Edgar Harper. 
articlet entitled “Statistics London Traffic,” that gentleman has 
collected and published some extremely interesting data the sub- 
ject vehicular traffic the Strand, Holborn, and Piccadilly. 

Additional data have also been collected reference traffic 
the streets New York, Boston and Chicago. 

4th, 1902, 11982 vehicles passed, while more than year later, 
September 18th, 1903, during the same hours, there were 385. 
these vehicles, rather more than 4000 were omnibuses. 

Holborn, for about the same periods, the total numbers 
vehicles were 11095 and 11727, the number omnibuses falling 
slightly below 000. 

tember 2d, 1903, only 875 passed; about these were omni- 
buses. Mr. Harper cites the fact that July, 1865, only 220 
vehicles passed the same point, during the same hours, thus show- 
ing great increase traffic. 

Some the interesting data from this report are contained 
Table 

March 22d, 1906, examination, extending over period 
hours, was made the traffic the Thames Embankment, near 
Charing Cross, which showed that 2158 vehicles passed, the 
rate 632 vehicles for period hours. this traffic, more 
than one-half were cabs and carriages, the remainder being vans, 
motors and carts. 

July 18th, 1906, the traffic the Embankment, Temple 
Avenue, counted the writer, amounted 652 light vehicles 
and 328 heavy vans, between the hours and 
vehicles passed, the rate 665 hours. The actual num- 
ber passing during 12-hr. period undoubtedly much smaller, 
the hours which the count was made are those which the 
traffic the Embankment greatest. probable, therefore, 
that the count March 22d, 1906, represents more nearly the actual 
traffic this roadway, which constructed macadam and 
very difficult maintain because the heavy traffic. 

The traffic Piccadilly was counted the writer two 
Journal the Royal Statistical Society, Vol. 67, June 13th, 1904. 
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TABLE 9.—COMPARISON OMNIBUS AND OTHER VEHICULAR TRAFFIC, 


NuMBER oF VEHICLES (Exciusive or Barrows anp CYCLES), Passing Boru Ways ALONG: 


THE STRAND PtccaDILLy 
(At Wellington Street), (At Southampton Row). (At Devonshire House). 
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From paper Mr. Edgar Harper, Journal, Royal Statistica] Society, Vol. 67, June 18th, 1904. 


198 


Mr. Richard- 
son, 


r=) 
Go 
es 
| 
> | 
2 Se | 
| 
| 
| 
| 
| & 
| 
} 
|| 
| 
| 
| 
| 
| 
= 
— | 
o 
& 
| 
| 
| 
| 
co 
= 
or 
= 
S 
o 
| 
i | 


DISCUSSION STREET TRAFFIC NEW YORK 199 


Between and July 17th, 1906, 1344 vehicles Mr. Richard- 


passed Dover Street, the rate 128 for period hours. 
July 19th, 1906, between 11.30 and 12.30 m., the count 

Motor omnibuses 

Motors 


Ordinary omnibuses 


These counts, like those the Embankment, being made the 
busiest time the day, the daily traffic probably does not reach 
the high figures given for hours, but must remembered that, 
the fashionable season, the traffic Piccadilly extremely 
heavy all hours the day, and much greater than January 
September when the count given Mr. Harper was made. 

Mr. Harper has made the tonnage the traffic 
passing London streets, but interest compare the data 
the number vehicles, collected him and the writer, 
with the data for New York streets collected 1904. this re- 
spect, the traffic Fifth Avenue about large that Pic- 
far the number vehicles concerned, and larger 
than that the Strand Holborn. consideration given 
the fact that the traffic London streets largely made 
omnibuses, there can comparison the tonnage the 
two, the London traffic much heavier. 

From the point view the number collars, the traffic 
the two streets is, probably, very similar, and the wear and tear 
due the impact the horses’ hoofs quite the same. 

may interest remark here that the wood pavement 
replaced every five six years, under this traffic, 
the blocks being removed when they have been reduced thick- 
ness in. 

very elaborate determination the traffic the various 
streets London has been made under the auspices the Royal 
Commission London Traffic, and summaries some the most 
interesting results are presented Tables and 11. 

The data Table are confirmative the data Mr. Har- 
per’s paper. Those presented Table show that certain rep- 
resentative crossings the traffic enormously greater, reaching 
nearly 30000 vehicles period hours Marble Arch and 
Hyde Park Corner. There is, course, nothing the United 
States correspond this, far known. The traffic New 
York has not been taken the busiest time the year, such in- 
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Bayswater Road (West of Edgeware Road)... 
Oxford Street (East Regent 
Cheapside (East St. Paul’s Church Yard.)...... 
Adgate High Street (East of Minories)............ 
Piccadilly (East of Hamilton Place)..... 

Fleet Street (West of Ludgate Circus)............! 
Victoria Embankment (West of Blackfriars 


Bridge) 
Queen Victoria Street (East of Cannon Street).... 


Mr. Richard- 
son. 


10.—TRAFFIC SELECTED 


Goops VEHICLES. PASSENGER VEHICLES. 


Day: 
Busiest 8A. M. 
hour. to 
8 


Day: 
Busiest 84. M. 
hour. to 


Day: | 


CyYcLEs AND BARROws. 


Busiest 
hour. 


ToTaL VEHICLES 
oF ALL CLASSEs. 


Day: 


8A. M. 


to 


8p. M. 


Busiest 
hour. 


Per cent. 
Per cent. of 
total 
Number. 
Per cent. of 
total. 
Number, 
Per cent. of 
total. 
Per cent. of 
total. 


192 
108) 
796 
616 
933) 


266) 


Per cent. of 
total. 


* From ‘Report of Royal Commission on London Traffic.’ Table 6, Vol. 7, 1905, page 11. 
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tersections Fifth Avenue, Broadway and Twenty-third Street, mr. Richard- 
Thirty-fourth Street, Sixth Avenue and Broadway; Thirty-fourth 
Street and Fifth Avenue; Thirty-fourth Street and First Avenue. 

During the quiet months July and August, counts were made 

these places, the results being given Table 12. 


NUMBER OF VEHICLES. 


Points of observation. 


Hyde Park Corner... cvs (2) 29 286 (2) 2902 
Piceadilly, at St. James (7) 20474 (7) 2 067 
Piccadilly (5) 050 (4) 2670 
Strand, at Wellington Street (8) 19 748 (8) 1821 
Ludgate Circus........... (@) 22 956 (6) 2252 
‘ 4) 27 (3) 2699 


*From Royal Traffic.” Table 39, Vol. 1905, 


page 55. 
TABLE 12.—Trarric New 
VEHICLES. J 
Date. Hour. Street. Weather. 
Ios = 
8-13-06) 9.44-10.24 a. 12 196 | 3821 7 704 Fair. 
&-13-06| 3.05-3.85 P.M. ~ 155 | 291 446 | 10704 Fair. 
8-14-06) 3.45-4.15 141 | 277 418 | 10082 Fair. 
8-16-06; 4.15-4.35 Thirty: fourth 182 298 103820 Fair. 
8-24-06) 2.35-3.05 Street. 112 | 242 364 736 | Threatening. 
9% 6-06) 4.35-5.05 189 | 864 553 | 13272 Fair. 
Sixth Avenue, 
Street. | 
Fifth Avenue, 
Street 
9- 6-06) 8.55-4.25 Thirty. "fourth 342 110 | 52 | 10848 Fair. 
tree’ 
8-13-06|10.50-11.20 a 185 22 207 4 968 Fair. 
8-13-06} 3, 20 170 28 198 4 752 Fair. 
8-14-06} 2.53-8.28 Fort -first 156 32 188 4512 Fair. 
8-16-06) 3.30-4.00 > Street. 147 37 184 4 416 Fair. 
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read before the Commercial Club, Chicago, 
1904, John Alvord, Am. Soc. E., gives some data regard 
traffic streets that city. The largest amount, recorded 
him, appears State Street, where slightly excess 
6000 vehicles hours, and times does not reach 4000, 
ean seen from the following figures: 


Vehicles 
Date. Hour. hours. 
10-2-03 9.15- 9.30 048 
11.45-12.00 952 
10.35-11.35 876 


Boston recent count the traffic collars several 
the most heavily traveled streets gave the results shown Table 13, 

From these data appears that the traffic Boston Devon- 
shire Street, which the heaviest one that was counted, very 
much less than that Fifth Avenue New York, although the 
street itself much narrower. 

proposed continue the counts all the streets which 
have been mentioned this paper, and especially determine the 
extent the traffic the prominent intersections New York 
City. 

TABLE 13.—Trarric Boston, Mass., 1906. 


Date. Street. 


Hours, Collars. 
9-5-06 Charles Street, Fruit and Allen Streets.................... 10 2 650 
7 enone Avenue, Ferdinand to Berkeley Streets......... 9 1 440 


reply the statements Messrs. Whinery, Lewis and Till- 
son: Nobody can appreciate more than the writer the necessity 
for standardizing methods counting traffic and stating the re- 
sults. Unfortunately, nothing this kind has been done, and, 
result, vehicles alone are counted one city, vehicles and 
tons per foot run, either with without the horses, another 
city, and collars alone another. far the writer has been 
able learn, the subject has not been considered any the 
societies which might have done so, and seems necessary 


*s The Street Paving Problem of Chicago.” 


Mr. Richard- 
son. 
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that something this sort should done, the data which Mr. Richard- 
have been collected heretofore are much less value than they 
had been obtained following some definite system. 

The writer informed the Chairman the Committee 
Standard Tests Road Materials, the American Society for 
Testing Materials, that, far aware, that committee 
has never given any consideration to, appointed any sub-com- 
mittee consider, standard method for observing traffic and 
compiling data. 

Mr. Lewis presents the objection that counts covering but 
hour two may lead erroneous deductions, but determina- 
tions made this way London several occasions confirm 
closely the results the count the Royal Commission extend- 
ing over periods week more. course, judgment must 
used interpreting the results and selecting time when 
average traffic going on. 

Mr. Lewis mistaken supposing that the data which have 
been presented the paper were collected two men. There 
were four, one observer and one man with tally sheet, for traffic 
each direction. Under these circumstances, there does not seem 
reason believe that there are any gross errors. 

The reason given Mr. Lewis possible cause for the 
falling off the traffic Broadway seems the writer 
correct. 


AMERICAN SOCIETY CIVIL 
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TRANSACTIONS. 


Paper No. 1032. 


THE NARRAGANSETT BAY COAL DEPOT.* 


every newspaper reader who followed Admiral Rojestvensky’s 
progress the Fushima Straits, the preponderating importance 
ship, and the seemingly continuous performance must 
have been strikingly apparent. the men intrusted with the up- 
building our Navy, this problem, then, ever since the retirement 
the sailing man-of-war, has been increasing importance. 

was first deemed sufficient depend commercial stocks 
coal the various ports visited our vessels, and commer- 
cial equipments for supplying coal the fleet. Then, the Navy 
expanded and the service became more dependent the coal pile, 
seemed desirable for the Government have depots contain- 
ing stock coal which could relied without reference 
commercial conditions, other than those which might affect the 
price coal delivered the Atlantic seaboard. 

this point the United States only followed the lead 
Great Britain. After the establishment these depots was started, 


the wisdom providing some form coal-handling machinery, 


* Presented at the meeting of October 3d, 1906. 
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reduce minimum the cost storing and withdrawing coal 
for distribution, and, more important from naval standpoint, 
reduce the time required for these operations, impressed itself 
the minds influential men the Navy; and, this applica- 
tion labor-saving machinery, the United States Navy to-day 
stands foremost. 

This undertaking means more, perhaps, those who are well 
informed the state the art construction coal-handling 
machinery than the more superficial observer. The commercial 
machinery available had been developed handle large quantities 
coal daily, least frequent intervals, and, the case 
many types, required for its successful manipulation crew 
specially trained men working with the precision football team. 
Would such machinery found satisfactory used, perhaps, only 
two three times year? 

Commercial requirements had evolved type machinery de- 
signed for dumping large quantities coal into vessels more less 
adapted receive rapidly could delivered from chutes. 
How could such devices modified serve war vessels designed 
primarily for fighting, and with coal bunkers arranged fill space 
not otherwise required, placed protect the machinery and 
magazines rather than with view being readily filled any 
known mechanical appliance 

While keenly alive the difficulties overcome, the desira- 
bility for successful even partially successful result seemed 
Naval officers worth serious effort, and accordingly men were de- 
tailed examine and report all existing forms coal-handling 
machinery, with view their adaptability Naval requirements. 

While would doubtless unjust give all the credit for in- 
stigating this action any one man, certainly much due the 
official and unofficial efforts Rear-Admiral Royal Bradford, 
then Chief the Bureau Equipment, part whose duty was 
provide coal for the Navy all parts the globe. Admiral 
Bradford not only believed installing mechanical appliances 
those coal depots most frequently visited our war vessels likely 
visited frequently them time war, but also contin- 
ually urged the establishment new and larger coal depots all over 
the world, wherever suitable sites could secured. thought 
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would harm the coaling station were little more elaborate 
than perhaps might have answered the purpose, and his motto was: 
“The only way have enough coal have too much.” 

Under such auspices, then, Board was appointed, Novem- 
ber 22d, 1899, consisting Captain Henry Taylor, Captain 
Stockton, and Lieut.-Commander Herbert Winslow, select 
site for coal depot Narragansett Bay. 

that time the Navy Department had coaling stations New 
London, Key West, Pensacola, San Juan and Hawaii. Those 
Key West and New London were equipped with elaborate modern 
appliances. 

The establishment depots was also progress Frenchmans 
Bay, Dry Tortugas, Sitka, Mare Island and Samoa. The stations 
Frenchmans Bay and Mare Island were fully equipped with 
the best coal-handling appliances available. 

addition the foregoing stations, completed process 
construction, the Bureau Equipment was seeking establish 
stations Portsmouth, Boston, New York, League Island, Wash- 
ington, Norfolk, Port Royal, New Orleans, Dutch 
Puget Sound, San Francisco Bay, San Diego, Guam and Cavite. 
addition these, there were number smaller sub-depots 
which, with the possible exception Olongapo, great stock 
coal was expected carried. 

Stations Portsmouth, Boston, New York, Washington, Puget 
Sound and Cavite have been completed since that time, and sta- 
tions New Orleans and Olongapo are now under construction. 

The investigations the Board Site for the Narragansett 
Bay Coal Depot led the purchase tract land containing 
about 160 acres, the west side the Island Rhode Island, 
about miles north Newport, which offered flat, wide fore- 
shore the shape cape promontory solid earth and gravel, 
providing firm foundation for any structure which might have 
built. was bounded the west deep water, thus giving 
access for the largest vessels, without requiring dredging. The 
normal rise and fall the tide was only ft. Through the upland 
part the tract there flowed small stream which could de- 
pended throughout the year for ample supply fresh water. 
All the water and water rights this stream were secured the 
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Government the purchase the land through which flowed. 
branch the New York, New Haven and Hartford Railroad, 
running from Newport Boston, passed through the property, and 
the flat promontory jutting out into the bay and ending 
Coggeshall Point there was fresh-water lagoon, formed the pre- 
viously mentioned stream, covering about acres, which seemed 
inviting for future conversion into basin for harboring tor- 
pedo boats and small auxiliary-service vessels. 

The land was fairly fertile, and sufficient was purchased main- 
tain the horses other animals which might found useful the 
depot. The spot was healthful and even health-giving. Indeed, 
the property had belonged the Government during the Civil War, 
and had been used for convalescent camp and hospital. Fig. 
plat the property. 

The strategical importance Narragansett Bay, for the de- 
fense the Coasts the New England and Middle States, well 
brought out Captain Mahan’s book,* which quotes from 
private letter from the English Admiral, Sir George Rodney 
(afterward Lord Rodney), the First Lord the Admiralty, re- 
ferring Clinton’s evacuation Newport: 


“The evacuating Rhode Island was the most fatal measure 
that could possibly adopted. gave the best and noblest 
harbor America, from which squadrons hours could block- 
ade the three Capital Cities America—namely, Boston, New York 
and Philadelphia.” 


The site selected for the depot, therefore, may described 
one remained only plan coaling station com- 
mensurate with the opportunity, utilize the full resources 
the place. 

Board was appointed, August 7th, 1900, consisting Cap- 
tain George Converse (now Rear-Admiral, Chief Bureau 
Navigation), Captain Sperry, and Civil Engineer 
Rousseau, prepare general specifications and estimates for the 
development the property. This resulted the establishment 
the Narragansett Bay Coal Depot—the subject this paper. 

was decided build wharf, parallel the shore, with its 
outer face fathoms water mean low water, and con- 


The Influence Sea Power upon History.” 
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struct silo pocket for suitably housing the coal shore, where 
such structure could built less cost than over deep 
The Board anticipated receiving coal ordinarily water, but 
ommended utilizing the railroad, also, alternate means 
supply. was recommended commence the depot with pocket 
having capacity 10000 tons, arranged extended 
readily the future. Two steam, digging cranes, for mining 
cargo coal out vessels, were recommended for the wharf, and 
cable roads were suggested for carrying the coal from the wharf 
the storage pocket shore and from the latter the wharf for 
distribution. 

The Bureau Equipment made elaborate hydrographic sur- 
vey the premises, made borings, drove test-piles, and fixed the size 
and position the wharf. was 400 ft. long and ft. wide, 
and have its long side practically parallel the shore and about 
500 ft. from it. was connected with the shore the north 
end earth-filled approach out the 5-ft. contour, and beyond 
that with wooden pile wharf, somewhat lighter construction 
than the main wharf, and ft. wide. 

The coal storage building was built protect the 
coal thoroughly from the weather and provided with gates 
valves through which the coal could withdrawn gravity into 
the cable cars. was constructed metal concrete, with 
hollow, cross fire-walls about ft. apart, and equipped with suit- 
able water pipes and hose. addition these precautions against 
fire, the depth which the coal was piled storage was lim- 
ited ft., and thermostats were placed frequent intervals 
throughout the coal pile and connected with annunciator and 
alarm bell, that any heating the coal could quickly detected 
and located. The cable roads had arranged that, the 
event heating, coal could readily withdrawn from any part 
the pile and replaced some other point, which would liberate the 
gas and give the coal chance cool. 

These elaborate safeguards against fire were thought es- 
pecially necessary for Naval coal depot, where pile bituminous. 
coal might stored for long time without being necessarily dis- 
turbed. 
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order stimulate the interest and co-operation firms mak- 
ing specialty the construction plants for the storage and 
handling coal, well avoid committing the Navy Depart- 
ment the use any patented appliance, the specifications pre- 
pared the Board and subsequently issued the Bureau Equip- 
ment were general nature, setting forth the objects ob- 
tained and outlining the plan which seemed best suited for obtain- 
ing them, together with the usual stipulations governing the quality 
material and workmanship required. 

The subject, having been thus studied its main features the 
Naval authorities, was opened civil co-operation, and competitive 
plans and specifications with tenders for construction were invited 
public advertisement. The following extract from the specifica- 
tions outlines the problem briefly was presented prospective 


“The objects accomplished the coal-handling machinery 
are: 


“First—Removing coal from colliers barges alongside the 
wharf and delivering into the shed. 

“Second.—Removing coal from shed and delivery into collier 
barge alongside wharf any point along the outer inner faces 
the either bulk, bags baskets. 

“Third.—Removing coal from shed and delivering aboard war 
vessels along the inner outer face convenient manner, 
either bulk, bags, baskets. 

coal from railroad cars hand, 
towers, possible, and delivering into the shed board vessels 
alongside the wharf. 

coal from the shed and delivering into rail- 
way cars. 

coal from the bottom the pile the shed 
and replacing the shed where desired. 

“Seventh.—Removing coal from vessel lying one side the 
wharf and delivering board vessel the other side the 

“The second and third the above requirements are considered 
most important, and desired that the plant equipped with 
all that will enable all classes vessels receive coal 
rapidly machinery, supplemented all possible hand means, and 
fast possible hand means alone.” 
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limit cost was imposed, though the bidders generally un- 
derstood that the Bureau Equipment expected get satisfac- 
tory installation for less than $500 000. 

was expected, even with the very carefully prepared 
specifications issued, the plans and prices submitted varied greatly. 
less than thirteen essentially different plans were received from 
six bidders, and many the bidders included various more less 
important modifications their fundamental idea, that forty- 
two formal bids prices were submitted the Chief the Bureau 
Equipment consider and make award. 

The contract was finally awarded the writer, one his 
plans, slightly modified meet the views the Bureau, for 
and construction was once commenced. Plate 
XVIII orthographic projection the design selected. The 
storage sheds shown dotted lines were added subsequently under 
another contract. 

brief description the plan adopted may commenced with 
the main wharf. This consists nine granite piers, ft. 
the bottom and ft. top, finishing ft. above mean 
low water, which made the average height the piers about ft. 

Below mean low water these piers were granite blocks, aver- 
aging about tons weight, cut approximately rectangular 
prisms about the same shape bricks, and laid good bond, 
with open joints, diver. There was dredging for the foot- 
ing course except that done the diver with hoe. was ex- 
pected that the piers would settle about in. into overlying 
stratum sand, which settlement, with the construction adopted, 
would harm ceased before the pier above mean low water 
was laid. The portion the pier above mean low water was laid 
with closer joints, Portland-cement mortar. should noted 
that the portion each pier below mean low water weighed 
water about 900 tons, while the portion above that level weighed 
about 150 tons. The superimposed weight the wharf and super- 
structure resting each pier was estimated weigh not more 
than 100 tons. soon each pier reached mean low water level 
there was placed load granite blocks weighing consider- 
ably more than the total weight the cement-laid portion the 
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pier, the wharf, deck and superstructure, which load was allowed 
remain until all settlement had ceased. one sense, was 
fortunate that there was great delay securing the iron super- 
structure the wharf, for the settlement the main piers did not 
cease soon was expected. 

Accurate measurements could not very well made until the 
top the pier showed above mean low water, and then accurate 
readings were taken with level about once month until the set- 
tlement had stopped entirely for two months. The observed set- 
tlement after the piers showed above mean low water was approxi- 
mately in., and was remarkably uniform. Undoubtedly, the total 
settlement the bottom was considerably more than this, the 
initial settlement under the 900 tons must have been quite rapid. 

course, the primary object adopting such questionable 
method was save the expense dredging, and might worth 
noting here that the writer would not favor repeating for work 
similar importance, though, far can detected, further 
settlement the wharf has taken place, and has now stood true 
line and grade since August, 1902. 

The piers are ft. in. apart from center center, and 
them six rows steel-plate girders are laid, designed carry 
distributed dead load 400 lb. per sq. ft. These girders are thor- 
oughly braced angles having minimum thickness in., 
resist the shock vessel one solid frame, 400 ft. 
area, weighing nearly 300 tons without the deck, which weighs about 
400 tons more. The friction this weight was relied mainly for 
withstanding the impact ships, and the anchor bolts securing the 
ironwork the masonry were made small enough shear, the 
case excessive strain, without injuring the masonry substructure. 
The deck and joists are hard pine, with oak fenders and fender 
piles. somewhat ingenious fender pile construction was devised 
the Bureau, and shown detail Plate XIX. The pro- 
totype this was found the fenders the pier the Fall River 
Line, Newport. this device the resiliency two sets piles 
was utilized absorbing the momentum approaching vessel. 
Thus far, the fenders have been very satisfactory. The general 
construction the wharf will understood better reference 
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Starting again from the piers, and quite independent the 
steel and woodwork the wharf, there are steel columns, 
each pier, carry the viaduct which the unloading towers 
These columns also support the wharf loops the cable road. The 
cross-section this structure shown Plate was carried 
height ft. in. above mean low water and higher, 
order keep the grade the cable road (used bringing coal out 
from under the storage pocket, the top the trestle) from ex- 
ceeding 7%, which was specified maximum the Bureau 
Equipment. has proved that the delivery track 
the wharf trestle had been ft. higher, would have been more 
convenient for delivering coal vessels having high freeboard. 

Two cranes towers were provided for mining coal out ves- 
sels, which generally received the depot. One these 
cranes shown Plate XX. They are equipped with outshore 
booms having effective reach ft. from the outer face 
the wharf, and inshore booms having effective reach ft. 
from the inner face. These booms are arranged fold order 
clear the masts vessels lying the wharf. 1-ton 
bucket operated friction drums mounted directly the crank 
shaft hoisting engine having 24-in. double cylinders. The 
two wire cables, open and close the bucket, pass over sheaves 
trolley free move horizontally the boom and thence over 
sheaves the top the tower the main winding drums. The 
weight the bucket sufficient bring the trolley home toward 
the center the tower, and separate engine having 15-in. 
double cylinders hauls the trolley out toward the end either boom 
with continuous rope passing over sheaves the end each 
boom. 

This type machinery has been perfected, and was installed 
the Mead-Morrison Manufacturing Company, Boston and 
New York. known direct-connected machinery the two- 
men type. The bucket handled two independent operators, 
one whom moves the trolley while the other opens, closes and 
raises the bucket. After some practice, the men become won- 
derfully expert, and work such harmony that the bucket describes 
curve resembling parabola—one operator arranging the ordi- 
nates while the other adjusts the abscissas—and has been demon- 
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strated that the expense the extra man more than repaid 
the greater speed attained. These towers have been worked for 
short time the rate nearly 200 tons per hour for each tower, 
and the men have difficulty maintaining rate 100 tons 
per hour long there coal within reach the bucket. 

The low trestle, previously referred defect discharging 
coal from the station, has offsetting and obvious advantage 
taking coal into the station. might said, however, that such 
high rates speed taking coal into storage are doubtful 
utility the case Naval coaling station. The rate required 
the Bureau Equipment the case this installation was 
only tons per hour for each tower. 

The booms these towers are raised and lowered and the tow- 
ers propelled along the viaduct separate engine having two 
8-in. 100-h. vertical boiler, supplying steam 
lb. pressure, with large water-tank and coal-bin, was set 
boiler-room entirely separate from the engine-room, shown 
the drawing. The isolation the boiler-room from the engine- 
room has proved not altogether advantageous, though was 
almost necessity towers the type adopted. The towers are 
estimated weigh about 135 tons each. They travel track 
40-ft. gauge from center center rails. 

The object having the long outshore boom was handle coal 
tubs brought platform cable cars for delivery any point 
the deck battleship lying alongside. This tremendous reach 
fixed the height the tower, and was factor fixing the base 
order obtain the necessary rigidity. 

Thus far, the operation lifting loaded tubs coal across the 
decks naval vessels has not been looked upon favorably cap- 
tains coming for coal, and this function the tower not 
utilized, regrettable that the long boom was provided, thus 
making the towers more heavy and unwieldy than was strictly 
necessary. 

will seen that the towers, built, comply with all the re- 
quirements the Bureau Equipment. They can used for un- 
loading coal from vessels lying either side the wharf; for lift- 
ing coal tubs off platform cars delivered the cable road 
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serve vessels lying either side the wharf; for transferring 
coal from vessel lying one side the wharf vessel lying 
the other side; for mining coal out railroad cars switched 
standard-gauge track, carried down the center the wharf the 
main deck, shown Plate XX, which coal could deposited 
either hopper for transmission the cable road into the stor- 
age building directly vessel lying either side the 
addition this, the booms have been designed with sufficient 
strength permit the towers used cranes emergency, 
they have lifting capacity tons for limited reach. 

The hopper the tower, intended receive coal from the clam- 
shell bucket and transfer the cable cars which take into the 
storage building, was built track that could shifted 
from one side the tower the other, indicated the dotted 
lines. This was done that the hopper could placed near 
possible the boat unloaded, and thus save travel for the 
clam-shell bucket and reversal strain the cable controlling 
the trolley. 

From the hopper the towers, the coal taken away cable 
road equipped with steel cars, having capacity tons each, and 
arranged discharge automatically, side-opening doors, released 
trip set the track any desired point. The cable track 
carried steel trestle, rising grade the top the 
storage building, which was constructed shore some distance 
from the main wharf, for reasons previously stated. 

The construction the storage building shown Con- 
crete piers were carried below the frost line and spread out that 
the pressure the soil was reduced little more than tons per 
sq. ft. these piers steel frame, carrying ferro-concrete floors 
and walls, and roofed with galvanized, corrugated iron, forms the 
coal storage pocket. Owing the slope the floor, 12, the 
depth the coal, while ft. measured vertically, only ft. 
when measured normal the surface. Notwithstanding this shal- 
low depth, one consignment coal has already shown dangerous 
tendency toward heating. 

Galvanized corrugated-iron walls, with pilasters covering the 
steel posts the building, were built around the sides and ends 
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the pocket, partly for the sake the appearance, and partly, per- 
haps, with view protecting the thin concrete walls from the 
action frost. 

The latter precaution was probably unnecessary, and future 
construction similar kind might advisable save the 
cost the outer sheet-metal covering. the case this building, 
the double walls involved some difficulties construction. was 
decided put the corrugated iron first secure thor- 
oughly the steel framework the pocket, and protect subsequent 
construction work from the weather. was then found im- 
practicable withdraw the outer centering the concrete wall, 
and this had left the space between the concrete wall and 
the outer sheet-metal covering. the alternate method building 
the concrete wall first had been adopted, the sheet-metal covering 
would have had secured nails wooden nailing strips, 
there was not sufficient space between the walls permit rivet- 
ing. either case, some wood had left the space between 
the walls supposedly fire-proof storage shed. 

extension this depot, subsequently contracted for the 
writer, and consisting three additional storage buildings equal 
size and similar construction the first, this difficulty was 
overcome the following way: 

The walls and partitions the building were made cast con- 
crete slabs, in. thick and about ft. square, which reinforce- 
ment Clinton wire-cloth had been inserted. After these slabs 
had hardened from weeks, according the time year, they 
were lifted into the building and secured the steel framework 
special hook-bolts, very much slabs slate might set. This 
method construction insured much stronger wall than the 
criginal pocket, each slab could thoroughly inspected, and the 
handling incident transferring the slab from the place 
facture its final place the wall served effectual test 
each and every piece. The cost the construction was also found 
favor the cast-slab method. 

Plate shows the construction the extension. The coaling 
station now has capacity 40000 tons above the inclined floor, 
subject gravity discharge, and additional space for about 
tons under the building, without piling the coal more than 
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deep. the time the extension was made, the floors under the 
building were paved with concrete. 

The central columns projecting through the coal above the in- 
clined floor, are protected concrete metal cylinders about 
in. outside diameter. The columns next the ground are pro- 
diameter. Hot coal, therefore, could little damage the steel 
frame the building and the steel not exposed the corrosive 
action the coal point. 

the outer row protected columns under the building grooves 
are cast the concrete covering for the insertion flash-boards, 
assist confining the coal the auxiliary storage space the 
ground. 

the original building, the cable road taking the coal into the 
building was returned over trestle carried continuation 
the east line columns through the roof, which was also intended 
serve for forming large auxiliary pile coal the ground 
east the shed emergency. (Fig. 1). 

When the storage building was extended, this trestle was taken 
down and the cable track returned through the monitor the new 
east shed. 

separate cable loop had provided the ground with- 
draw coal from the east shed, and the tracks were arranged that 
cars could switched from either shed either cable. The tracks 
shown under the middle spaces the storage buildings are tram 
tracks which cars have backed hand, case the auxiliary 
storage under the building utilized. These cars would pushed 
out the cable track either end the building and moved 
the wharf the cable. 

One the problems was find for the bottom the pocket 
gate valve which could operated with ease and certainty 
one man, fill the cable cars without spilling coal the 
track, and this rapidly enough dispatch loaded car every 
seconds. 

overhead gate was sought, order save headroom, and 
the difficulty handling large lumps bituminous coal was finally 
overcome adopting the gate shown Fig. will seen 
that the jaws this gate not meet, that there chance for 
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lump get between them and prevent their closing, nor does the 
gate have geared with sufficient strength bite through 
lump coal, which would necessarily have required very slow 
movement. 

The edges the valves this gate miss each other about 
in., and there trouble handling lumps bituminous coal 
after the men have learned the tricks the gate. 

Each valve the gate worked separate lever—one con- 
trolled the left hand and the other the right hand the oper- 
ator. draw coal, Valve opened before Valve shut 
off, closed before The crank and connecting rod controlling 
pass over dead center both positions, that the valve may 
held automatically open shut. Valve remains either 
open shut virtue its weight. The gate works easily, and the 
head coal appears make difference, except that can- 
not opened until opened and the coal commences flow, 
when the pressure seems entirely released. The levers 
are removable, that the gates cannot opened mischievous per- 
sons unless equipped with proper tools. This gate believed 
new. 

Since the station has been turned over the Government, its 
operation, the main, has been satisfactory, except perhaps that 
the towers are rather unwieldy, and the delivery trestle the 
wharf might have been higher, mentioned previously. 

The trestle, however, seems high enough for loading the 
colliers and barges for which was designed, and recent oc- 
the Collier Caesar, detailed assist towing the dry dock 
Dewey Manila, was loaded with tons coal hours, 
and sailed from the depot hours after her arrival. 

The station has been continuous service since about May 
1904, and the repairs have been inconsiderable. The most serious 
break was the cable driver shown Fig. July, 1905, both 
the drums were found cracked the points, where the 
spokes were attached the rims. The cable road the time was 
working under very moderate load. The cause these cracks 


was not first apparent. Shrinking strains; un- 
equal wear the grooves, causing the winding the cable set 
excessive pull between the shafts, the principle the dif- 
ferential pulley block; careless malicious blows sledge, were 
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all considered and set aside. was finally decided that the crack- 
ing was due the key forcing the drum out concentricity with 
the shaft the amount that was bored larger than the shaft— 
namely, about in., that the drums revolved cams instead 
true cylinders. The differential gearing allowed one drum 
advance retreat angularly with respect the other, that 
was quite possible that one cam would frequently opposition 
the other, causing four parts steel rope put too great 
strain the arched rim the six-spoke drum. 

description the Narragansett Bay Coal Depot would 
incomplete without mentioning the water-works installed the 
Bureau Equipment, though the writer had nothing with 
this part the work. 

Fig. shows the general location and arrangement the water- 
works system. concrete dam, impounding about 
gal. water, the top the spillway being Elevation above 
mean low water. duplex hydraulic ram driven 
12-in. power pipe running from the dam which impounds 
comparatively small volume water Elevation 81. isa 
275 000-gal. stand-pipe, filled 8-in. pipe from the ram. The 
remainder the water wastes into the lower reservoir. The bottom 
the stand-pipe Elevation above mean low water. 
ft. diameter and ft. high. 8-in. cast-iron pipe, 
supplying the fire hydrants and water supply system the station. 

suitable valves water can drawn either from the stand- 
pipe under the full head, from the main reservoir under head 
about ft. The lower head ample for supplying water ships 
and for similar purposes, but, account the fire risk, the full 
pressure the stand-pipe usually carried the main. This 
pressure sufficient throw stream from hose over one 
the storage buildings. 

obvious that fleet several vessels could not coaled sat- 
isfactorily lying alongside the wharf such station has been 
described, even the captains had objection having huge 
tubs coal dangling over the decks, for the reason that only one 
vessel could lie alongside the wharf one time, and would 
necessary allow least one day for coaling each ship. 

For fleet squadron service, the Bureau Equipment has 
provided twelve barges, which can readily loaded from the tres- 
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tle, and, matter fact, these are kept loaded ready taken 
alongside war ship needing coal few minutes’ notice. With 
such auxiliary fleet barges, the ships squadron could lie 
their moorings, without coming alongside the station, and take 
coal from the barges quite rapidly they were immediately 
under the coaling appliances. More manual labor required with 
the barge system, but there are usually men enough Naval ves- 
sels minimize this disadvantage. 

Water barges and tug have recently been added the aux- 
iliary fleet, and protect these the Bureau has since constructed 
granite breakwater, shown Fig. substantially the same gen- 
eral specifications adopted for the nine piers the main wharf, 
except that was decided dredge for the footing course the 
breakwater, order avoid any possibility unequal settlement, 
and eliminate settlement altogether, possible. 


PLAN OF 
| BREAKWATER AND APPROACH PIERS 
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The custodian the depot trained man the Navy, having 
the rank Boatswain. The other employees are civilians. The 
usual force about men, some whom are working laborers 
improving the grounds. 

Comfortable dwellings, with running water and modern plumb- 
ing, are provided the Government the reservation for the cus- 
todian and the more important men his force. 

electric-light plant now being installed, that the station 
will soon available for night well for day work. 
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Mr. Foster. Am. Soc. E.—Mr. Smith has given most 
interesting description work which remarkable for its orig- 
inalty design. great many the details presented problems 
which for entirely new solutions bordering closely inven- 
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tions. spite this, however, the plant has been most con- 
spicuously successful from the first time was put into service; 
and reflects credit equally upon the designers and contractors. 

One the uncommon features this plant the use 
hydraulic rams for the water supply. The problem presented was 
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keep the stand-pipe full the power the water falling from 


the upper the lower reservoir. This stream water, while 
ample volume certain seasons the year, would shrink such 
small proportions, during dry weather, enough 
furnish the necessary power drive water-wheel and pump; 
therefore, became necessary seek more efficient means 
utilizing this power. was desired not keep attendant 
the pump-house, and, after much consideration, was decided 
install duplex hydraulic ram with two 12-in. drive pipes. The 
rams would have been duplex common delivery valve chamber 
had been used; reality, the delivery valve chambers were made 
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two separate units, hence the ram not strictly duplex, but 
sists two independent machines, each exactly like the other, 
and may operated separately together. The conditions under 
which the rams were installed were that the should 
70%; also, that they should capable filling the stand-pipe 
hours when the power water was supplied the rate 
ft. per hours with cu. ft. per sec. 

The results obtained the test exceeded all the guaranties con- 
siderably, and, fact, were quite remarkable; they laid bare the 
hitherto undeveloped possibilities this kind machine for pump- 
ing water, where water-power exists, without attendance and with 
high efficiency. These rams were designed specially for this work, 
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and, while perhaps not the largest that have ever been built, were 
probably the first large rams used with such high working 
head. would appear, from the results which these have given, 
that rams much larger size could built with safety. 


No. 1. No. 2. 

Total water delivered engine, gallons per 


Water delivered stand-pipe, gallons per min- 


Power head, engines, feet 36.75 
per cent. (D’Aubuisson formula)...... 
Efficiency, per cent. (Rankine formula)...... 


connection with the test the rams, interesting discussion 
arose the proper formula used determining the effi- 
developed. well-known authorities, Rankine and 
D’Aubuisson, each give formulas which differ materially, thus: 


Under these conditions fall and pumping head, the D’Aubuis- 
son formula gives efficiency nearly greater than that Ran- 
kine. 

After more less correspondence, the Department finally ruled 
that the D’Aubuisson formula was the more and therefore 
should accepted correct, the grounds that only the rams 
were actually under test, and that they should charged with the 
energy received the point reception and credited with the 
energy delivered the corresponding point delivery. what- 
ever way this matter regarded, the efficiency certainly very 
high, and approached any other form hydraulic motor 
known the speaker. certainly would seem that very large 
field awaits the further development rams. 
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THE VENTILATION TUNNELS.* 


CHURCHILL. 


1904 the writer presented the International Engineering 
Congress, Paper No. 43, the “Ventilation Tunnels.”t Since 
that date improvements have been made some the tunnels 
and subways referred to, which are worthy note, and the writer 
has obtained certain additional data, the condition the air 
some subways and tunnels Europe, which are valuable for 
comparison determining good practice. 

Gallitzin ventilating plant Gallitzin Tunnel, 
west Altoona, the main line the Pennsylvania Railroad, 
was referred that discussion being the same type that 
the Elkhorn Tunnel, the Norfolk and Western Railway, and 
being practically completed the date the discussion. 

This ventilated tunnel 600 ft. long, and built for single 
track, being ft. wide and ft. in. high, and lined with con- 
erete. Its sectional area 324 sq. ft., and the cubical contents 


* Presented at the meeting of September 19th, 1906. 


+ Published, with articles by other writers on this subject, in Transactions, Am. Soc. 
E., Volume LIV, Part pp. 
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the whole tunnel are 1166 400 cu. ft. There ascending grade 
0.5% from the east end through the tunnel, but the east ap- 
proach heavier grade, that west-bound freight trains gen- 
erally have pusher engine the rear each passing through 
the tunnel. 

Plate XXII shows the general arrangement the ventilating 
plant and all important details, its location being the east 
lower end the tunnel. 

With fans making 145 rev. per min. the observed flow fresh 
air through this tunnel from east west velocity 1780 
lin. ft. per min., equivalent cu. ft. per min. usually 
operated, these fans make 130 rev. per min. while freight trains 
are the tunnel, and the velocity the air the tunnel 550 ft. 
per min., which results 502000 cu. ft. fresh air being deliv- 
ered through the tunnel each minute. With the fans running this 
speed, the tunnel cleared directly after the exit west-bound 
train, Excepting when freight trains are the tunnel, the fans 
run from rev. per min. 

There are, shown Plate XXII, two 16-ft. fans, 
one each side the track, each operated direct-coupled 
engine about 200 p., the total rated horse power the plant 
being 400. This ventilating device was put into regular operation 
April, 1905. 

St. Clair St. Clair Tunnel, the Grand Trunk 
Railway, with its insufficient ventilation, described the Trans- 
actions.* 

October 9th, 1904, six employees the railway were killed 
this tunnel gas and smoke from locomotive while neces- 
sarily standing the tunnel account break-in-two 
train. This accident fully described The Railway and En- 
gineering Review.t 

lieu installing system ventilation, the Tunnel Com- 
pany has during this year contracted for the electrical operation 
this tunnel methods described detail Engineering News.t 

This will remove all danger from such causes, and very greatly 
reduce the discomfort persons the tunnel; but, nevertheless, 


* Transactions, Am. Soc. C. E.. Vol. LIV, Part C, p. 529. 
October 15th, 1904, Vol. 
t January 18th, 1906. Vol LV, p. 59. 
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the future some means artificial ventilation may found de- 
sirable, the case the Mersey Tunnel, Liverpool. 

Park Avenue Tunnel, New York City—Park Avenue Tunnel, 
New York City, the New York Central and Hudson River Rail- 
road, described the The work providing for 
electrical operation, which was undertaken partly for the purpose 
improving the ventilation, rapidly progressing, under plans fully 
described, with official reasons therefor, Engineering 
The reasons given are, briefly: Improvement ventilation, greater 
safety operation, and increased capacity. 

Simplon tunnel, which 12.33 miles long, and 
constructed for single track, with one passing siding the 
center, was completed early 1906, and was formally opened 
May 19th, 1906. The ventilating plants used during construction 
are described 

When the writer visited this tunnel, the summer 1905, 
steel sliding door each portal was arranged raised 
and lowered electric power. The plan that time was lower 
the steel door after the entrance train and force fresh air 
from the fans that end the tunnel into and through the tun- 
nel with considerable pressure. 

The adoption electricity the power for handling trains 
through this tunnel has greatly simplified the problem ventila- 
tion. 

The St. Gothard Railway Tunnel.—This steam-railroad tunnel 
miles long, located light grades, and double-tracked. 
has large section, the area being 603 sq. ft., approximately 
3.2 times the area two trains occupying the tunnel section. The 
ears trains while the tunnel are lighted gas. 

This tunnel ventilated Saccardo plant, Goeschenen, 
the north end the tunnel. consists two large fans oper- 
ated water power. Ventilation secured reducing the area 
the tunnel section about 38% near its northern end. 

For comparative purposes, sample air was taken the 
writer from car north-bound train, running miles per hour, 


* Transactions, Am, Soc, C. E., Vol. LIV, Part C, p. 528. 
+ November 16th, 1905, Vol. LIV, p. 499. 
¢ Transactions, Am. Soc. C. E., Vol. LIV, Part C, p. 531. 
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point about miles from the south end. The temperature was 
82° fahr., and the air contained 10.19 parts carbonic acid gas 
(CO,) per 10000 volumes. The measured quantity fresh air 


which the writer found passing into the north end the- 


tunnel from the ventilating plant was cu. ft. per min. 
velocity 686 ft. per min. 

Special attention called the large area the tunnel section 
relatively the cars used, and the consequent small velocity and 
volume fresh air used ventilation. The other favorable con- 
dition this tunnel the light grade throughout its length, 
that the coal consumption locomotives while the tunnel 
kept low. the measured velocity the ventilating air current, 
period hr. and min. required change the air this 
tunnel. 

The Berlin Elevated and Electric Railway.—This electric rail- 
road largely above ground, but there are short sections sub- 
way, having rectangular section about 231 sq. ft., which 
single span there are two tracks. The stations are roomy, and each 
provided with two large stairways leading directly the sur- 
face, thus insuring fair ventilation. The air these short subway 
sections was noted the writer being good. 

Metropolitan Railway, Metropolitan Underground 
Railway Paris double-tracked arched tunnel, nicely lined, 
and built close the surface the streets practicable. 
electrically operated. The stations are comparatively close to- 
gether, averaging less than 1700 ft. apart. The two tracks are 
one span, the area the tunnel section being 315 sq. ft. This 
tion greatly enlarged each station, thus providing one span 
ample room for platforms. The area the tunnel approximately 
twice that the two trains occupying the tunnel section. 

This railway specially notable for the large tunnel section, 
roomy stations short distances apart, and the provision two 
large stairways each station, giving good direct outlets for venti- 


lation. Two short portions two lines this road were examined 
the writer. sample air taken 7.40 o’clock bright 
morning, from Metropolitan Railway car, between Palais Royal 
and Alma Stations (between which there were five stops inter- 
mediate stations), temperature 70° fahr., contained 2.94 parts 
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acid gas per 10000 volumes air, the outside air that 
time containing 1.76 parts. 

The Mersey Tunnel, tunnel miles long, 
has section about 425 sq. ft., and provided with two tracks. 
now electrically operated, and well ventilated large fans.* 
The air this tunnel now good. sample taken the writer 
from car this tunnel, July 24th, 1905, contained 4.70 parts 
acid gas per 10000 volumes. 

The District Railway, District Railway 
double-tracked subway, with its grade level generally close 
practicable the streets above it, and with frequent openings 
the surface, addition having stations approximately mile 
apart. operated steam, but being gradually electrified, 
primarily secure better ventilation. 

For comparative purposes, the writer quotes test, made 
1902 for the London County Council, which showed that the air 
car contained 15.1 parts carbonic acid gas per 10000 volumes. 
sample air taken from District Railway car the writer, 
between Mansion House and Temple Stations, fair day, June 
27th, 1905, 4.25 temperature 76°, contained 11.27 parts 
acid gas per 10000 volumes, the outside air that time 
containing 3.55 parts. 

Metropolitan Railway, London.—The Metropolitan Railway 
similar the District Railway construction and operation, and 
also being gradually electrified, for the same reasons. 

test made 1902 for the London County Council showed 
that the air car this road contained 28.8 parts carbonic 
acid gas per 10000 volumes. sample air taken from Metro- 
politan Railway car the writer, between Gower Street and Port- 
land Road Stations, very clear day, July 24th, 1905, 12.40 
M., temperature 74°, contained 14.07 parts carbonic acid gas 
per volumes, the outside air that time containing only 1.75 
parts. 


City and South London Railway.—This electrically operated line 
extends from Angel Clapham Road, about miles, with thirteen 
sta 


*A detailec 
International 
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description may found the papers the Ventilation Tunnels, 
Engineering Congress, St. Louis, 1904, Transactions, Am. Soc. C. E.. Vol. 
LIV, Part pp. 527-558. 
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consists two single-track tubes, the inside diameter each 
being ft. in. They are deep below the surface the ground. 
these tubes are small, the clearance around the trains very nar- 
row. The tubes are connected small passages the stations and 
near few them. The area each tube 
sq. ft., the area both tubes being, therefore, 172 sq. ft.; and one 
tunnel section equals about 1.4 times that train. The travel 
this line not heavy some others, notably the Central 
London Railway. not ventilated artificially, and the air not 
good other tubes the electric railroads London. The 
only natural ventilation through stairway and generally three 
lifts each station. The stairway has minimum opening 
from sq. ft. One lift contains about cu. ft., and has 
capacity about fifty persons. During ordinary light traffic 
only one these lifts required per train. 

The draft produced the tunnel approaching train lasts 
only min., and amounts only about 17000 cu. ft. The draft 
that follows train lasts about min., and amounts only about 
8000 cu. ft. the stairway Borough Station, the time 
the passage train, down-draft was noted for min., equal 
about 7000 cu. ft. air, followed up-draft for min., 
amounting about 2000 cu. ft. air. addition this, each 
lift removes its upward passage about cu. ft. air. This 
quantity per station clearly insufficient balance the vitiation 
the air the occupants train. 

Tests made 1902 for the London County Council showed that 
there were 14.2 parts acid gas per 10000 volumes 
air empty carriage. sample air taken from City and 
South London the writer, between London Bridge and Moor- 
gate Stations, fair day, June 27th, 1905, 3.45 tem- 
perature 74° fahr., contained 11.78 parts carbonic acid gas per 
volumes, the outside air that time containing 3.55 parts. 

Another sample, taken July 24th, 1905, from car the same 
read between Elephant and Castle Station and London Bridge Sta- 
tion still brighter day, 9.25 temperature 69° fahr., 
contained 8.69 parts acid gas per 10000 volumes, the 
outside air that time containing only 1.75 parts. 

The sample taken June shows that the car air contained 
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little more than three times the quantity carbonic acid gas found 
the outside air that day, while the sample taken July 24th, 
though lower this gas, contained nearly five times the quantity 
found the fine outside air that day, and actually seemed 
the sense fully poor quality that taken June. 

Central London electrically operated line ex- 
tends from Shepherds Bush the Bank, about miles, with thir- 
teen stations this distance, averaging mile apart. consists 
two single-track tubes, each ft. in., minimum inside diameter, 
connected passages the stations, also six cross-overs the 
entire length. The area each tube 100 sq. ft., the area both 
tubes being 200 sq. ft. The cubical contents the entire railroad 
tubes are equal about million cu. ft. 

The natural ventilation narrow stairway and about three 
lifts each station. Mechanical ventilation the tunnels se- 
cured fan Shepherds Bush Station, which draws fresh 
air from the opposite end the line—that is, Bank Station, and 
other stations intermediate points. The fan ft. wide, ft. 
diameter, and makes 145 rev. per min. operated electricity, 
and rated 300 Its capacity 100000 cu. ft. per min. 
operated from 1.00 4.00 hr.), with the outlet doors 
all intermediate stations shut, therefore draws fresh air 
from Bank Station. During the operation the fan, the water- 
gauge pressure the tunnel in., and the linear velocity the 
air the tunnel 500 ft. per min. The fan also operated during 
the passageways the stations being open. This improves the air 
the tunnels for about one-half the length the line—that is, 
for the miles nearest Shepherds Bush Station—it also clears 
out the cars they come this last station. 

The result night pumping, indicated anemometer 
placed the tunnels the Post Office Station (the first one west 
Bank Station), shows that each week average 123.9 mil- 
lion cu. ft. fresh air entered during the night pumpings, which 
equivalent 17.7 million cu. ft. per night. the tunnels con- 
tain million cu. ft., they are cleared about times each night. 

The result this night ventilation shown tests taken 
February 15th, 1905, the Marble Arch Station cross-over siding, 
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which about half way between Shepherds Bush and Bank Sta- 
tions. 9.30 the air was found contain 10.3 parts car- 
bonie acid gas per 10000 volumes. The fan was started 1.37 
M., and 2.15 the air the same point contained only 3.7 
parts, which was the same that the outside air. 

The amount natural ventilation procurable shown 
other tests made during the same night. Between 9.30 and 
1.00 (34 hours), the air the tunnel had cleared slowly from 
10.3 parts 6.0 parts carbonic acid gas per 10000 volumes 
the latter time. During these tests the temperature the tunnels 
was 663° fahr. Another test, taken February 2d, 1905, with the 
fans not running, and when the outside air contained 4.4 parts 
acid gas per 10000 volumes, showed that the tunnel air 
averaged 7.07 parts carbonic acid gas, while the air full 
ear contained 10.7 parts. 

The methods now adopted for ventilating the Central London 
Railway have been put into force since 1902, and the question 
adding this ventilating system now being considered. 

The first ventilating plant this road was Bond Street Sta- 
tion, but has not been used since the installation the present 
ventilating plant Shepherds Bush. 

long series tests made 1902 for the London County 
Council showed that the air the cars contained minimum 
9.60 parts carbonic acid gas per 10000 volumes, time when 
the outside air contained 3.30 parts, and maximum 14.7 parts 
carbonic acid gas per 10000 volumes, when the outside air con- 
tained 3.30 parts. 

sample the air taken from Central London Railway car 
the writer, between Chancery Lane and Post Office Stations, 
fair day, June 27th, 1905, 1.55 temperature 76° fahr., 
contained 5.92 parts acid gas per 10000 volumes, 
time when the outside air contained 3.55 parts. 

Another sample taken the writer July 24th, 1905, from 
the same road, between Tottenham Court Road and Oxford 
Circus Stations, still brighter day, 1.00 temperature 
fahr., contained 7.04 parts carbonic acid gas per 10000 
volumes, the outside air that time containing only 1.75 parts. 

Great Northern and City Railway, Great North- 
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ern and City Railway extends from Moorgate Station Finsbury 
Park, distance miles. electrically operated and 
lighted, and there are six stations, varying from 2000 ft. 
apart. Drayton Park Station, which ft. south the north- 
ern terminus, all the open for 600 ft., therefore the main tun- 
nel this road extends from Drayton Park Moorgate, distance 
2.62 miles; the longest distance between stations being from Essex 
Road Old Street, 6200 ft. This line was put into operation 
1904, and many respects the best one examined the writer. 
consists two single-track tubes, each ft. inside diameter, 
connected five small cross-passages each the station plat- 
forms, addition some cross-overs. The station platforms are 
generally 420 ft. long, accommodate standard train seven 
each ft. long, carrying total 430 passengers. The 
special features this subway are its large tubes and the large 
stairways and passageways, compared with other London sub- 
ways. these items claimed the officials the road 
direct benefit ventilation. The line expected handle 
27000 000 passengers per annum. The maximum train service ar- 
ranged for 3-min. spacing, making miles min., in- 
sec. for each four intermediate stops. 

The area each tube 190 sq. ft., the area the two tubes 
being 380 sq. ft. The area the tunnel, therefore, about 1.8 
times that the large cars the trains therein. The approxi- 
mate cubical contents, from the open end Drayton Park the 
closed end Moorgate Station, million ft. 

Its natural ventilation two stairway passages each sta- 
tion, the minimum area each passage being sq. ft., total 
114 sq. ft., addition that furnished three lifts every 
station, each having floor area 130 sq. ft., cubical contents 
about 1500 ft. 

Its artificial ventilation, applied since the line was opened, 
obtained fan, having diameter about ft., located 
Pool Street, which ft. from the Moorgate end the tubes. 
This fan has capacity cu. ft. air per hour, and, 
operated, forces fresh air through heading ft. diameter into 
the up-tunnel—that is, toward Moorgate Station, the direction 
travel. large part this current travels Moorgate Station 
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and then into the down-tube. The present practice 
operate this fan twice each day, during the busiest periods, from 
about 8.00 10.00 m., and from 5.00 8.00 M., that 
volume fresh air practically equal the cubical contents the 
entire subway forced into each hours. 

natural ventilation: Measurements the currents 
the stairways the arrival and departure trains show approxi- 
mately total down-currents for each train per station 20000 
cu. ft., and about the same for up-currents. The total ventilation 
per train for each direction, therefore, amounts about 90000 cu. 
ft. 5-min. spacing trains, each filled with 430 persons, 
the change air per hour amounts 1080000 cu. ft. the entire 
subway, 18000 cu. ft. per min. there are con- 
stantly four trains the tubes carrying maximum 720 people, 
and each person requires cu. ft. air per min., the 
total requirement more than 51000 cu. ft. fresh air per min., 
order keep the tunnel air the same quality the outside 
air, about 26000 cu. ft. per min. order not increase the 
carbonic acid gas more than twice the quantity the outside 
air. These figures show why ventilation has been found necessary 
during the busy hours maintain air the desired purity even 
this excellently constructed subway. 

March 5th, 1904, before ventilation was established, test 
the air this subway was made Dr. Critchley, with the 
following results: The air the street was found contain 4.5 
parts carbonic acid gas per 10000 volumes, that car the 
subway was found contain 9.0 parts, the temperature being 
fahr. 

February 20th, 1905, Dr. Southerland found that the air 
the platform the subway Old Street Station contained 4.48 
parts carbonic acid gas per 10000 volumes, temperature 54° 
fahr., while that car approaching this station was found 
contain 7.22 parts, the temperature being 554° 

sample air taken from Great Northern and City Railway 
the writer, between Highbury and Old Street Stations, 
very bright day, July 24th, 1905, little after noon, temperature 
68° fahr., contained 2.35 parts carbonic acid gas per 10000 vol- 
umes, the outside air that time containing 1.75 parts. 


TUNNEL VENTILATION. 


The Rapid Transit Railway, New York subway sec- 
tions this railway are either four-tracked, rectangular cross- 
section, two double-tracked cross-sections. The former the 
one used the busiest part the line, below Forty-second Street. 
The stations this portion average about 1500 ft. apart. The 
area this four-tracked cross-section about 650 sq. ft. The 
sectional area the tunnel therefore 1.8 times that the four 
trains the subway. 

This subway steel construction, with concrete, and built 
quite close the surface the streets. The outlets the street 
the stations consist from two maximum eight stair- 
ways, which, while large enough for the people entering the sta- 
tions, are not direct some the European subways, and 
have not total outlet area large proportion the tunnel 
cross-section, the number trains and people the subway 
one time. 

The writer predicted 1904 that mechanical ventilation would 
found necessary secure positive change air. 

November 21st, 1904, sample air was taken from car 
the Rapid Transit Subway, between Forty-second and Twenty- 
eighth Streets, and one between Spring Street and Astor Place, 
and these were found contain too great percentage carbonic 
acid gas. Again, December 28th, 1905, 4.00 M., the tem- 
perature being 60° fahr., sample air, taken from car the 
Rapid Transit Railway, between Twenty-third Street and Brooklyn 
Bridge Stations, was found contain 15.58 parts acid 
gas per 10000 volumes air. 

The various tests air made the writer London and Paris 
have shown that, except the deeper subways, the air has high 
temperature that outside. the Rapid Transit Subway, dur- 
ing the summer 1905, considerably higher temperature the 
air was recorded. This another reason why will become very 
urgent establish complete system mechanical ventilation, 
for the health the employees and the comfort the patrons, 
the case the subway tunnels Boston, Liverpool, and 

Subway Tunnels Generally—Among the statements heretofore 
made are included records the determination acid 
gas (CO,) the London subways well their cars. From 
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these data, also from similar tests air reported upon the 
London County Council, subway tunnels when they were not 
fully ventilated, the air found subway cars contains about 45% 
more acid gas than the average air found the subway 
tunnels and stations. Inasmuch the patrons and large number 
the employees subway tunnel line spend most their time 
the cars, the vital fact determined, the health and comfort 
these individuals, the amount carbonic acid gas the cars 
themselves. Therefore, tests air subway tunnels and stations 
are simply somewhat indicative the conditions that will 
found the cars. may anticipated that the amount car- 
acid gas the cars will least 45% more than the 
subway tunnel, and crowded cars the proportion carbonic 
acid gas will still greater. 

The writer, therefore, has confined his investigations every- 
where the vital question, namely, the quantity acid 
gas (CO,) found the ordinary cars tunnels, and the tests 
him were taken cars ranging from one-fourth one-half full. 
Any reports the amount acid gas found subway 
tunnels stations, therefore, should increased about 45% 
order obtain any fair idea the conditions met the pas- 
sengers and employees themselves; that, subway contains 
much 6.5 parts carbonic acid gas per 10000 volumes air, 
there will probably found the cars 8.4 parts more. 

has further been shown detailed measurements natural 
ventilating currents the London subway tunnels, from the 
smallest those the largest section, that insufficient quantity 
air drawn into them ventilate all parts them properly. 
While the portions having light traffic may times free from too 
large proportion carbonic acid gas, those parts having heavy 
traffic will contain excess. The conditions traffic the Rapid 
Transit Railway New York, for example, are such indicate 
the presence much more acid gas the cars while 
traversing the lower portions the subway tunnel than the 
remainder. 


Proper ventilation not secured unless all parts subway 
tunnel receive sufficient quantity fresh air balance properly 
the vitiation that the cars the occupants thereof, and this 
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result cannot secured, has been shown, except efficient 
system mechanical ventilation that will distribute fresh cool 
air everywhere the cars, well the subway tunnel and its 
stations. 

Standard Purity For has been written what 
constitutes good air and what dangerous. The most important 
test the determination the parts carbonic acid gas (CO,) 
given sample per 10000 volumes. Ordinary air varies consid- 
erably, during different kinds weather, from about parts 
more than parts carbonic acid gas per 10000 volumes, but the 
ordinary figure about parts. The best authorities state that 
the air any subway should not contain more than twice the 
amount carbonic acid gas found the outer air (the two be- 
ing nearly always directly compared), and that, therefore, the gen- 
eral limit parts carbonic acid gas per 10000 volumes. The 
“Factory England makes parts carbonic acid gas 
the maximum rooms, ete. The report the London County Coun- 
cil 1902 places the safe limit parts, being the maximum 
that should exist the air subways; and that report states further 
that the number bacteria subway air was generally found 
increase and decrease proportion the carbonic acid gas the 
air. The writer, while investigating this subject London, dur- 
ing July, 1905, learned that public opinion very strong de- 
manding air subways that shall generally not contain more than 
parts carbonic acid gas per 10000 volumes air, and that 
periodical attacks the press are made, substantiated de- 
tailed reports noted chemists, against any subway tunnel where, 
for period, air found contain more than this quantity car- 
acid gas. Hence, may stated that parts carbonic 
acid gas per volumes the maximum proportion carbonic 
acid gas that should allowed the air cars subway tunnels. 
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DISCUSSION. 

has referred the conditions the New York subway. later 
time the writer hopes present the Society comprehensive 
paper this subject. present, however, seems proper men- 
tion few facts concerning the “so-called ventilation” the sub- 
way. The words “so-called ventilation” are used advisedly, because 
there seems very general misconception the subway 
problem. 

Heretofore, the objectionable conditions which have prevailed 
underground railroads have been due mainly the vitiation the 
air locomotives. The conditions were improved providing 
mechanical means for removing the bad air and replacing with 
fresh air from the outside. When electrical motors were substituted, 
all except few thousandths the foul air was once re- 
moved. only remained supply enough fresh air for the con- 
sumption the passengers. accomplish this, the train move- 
ment was depended upon, seven the nine subways which have 
been constructed America and abroad. 

These roads were near the street surface that was thought 
that ample renewal could obtained from the piston action the 
trains. Where the roads were short, the cross-sections large, 
and the openings into the outside air numerous, the results have 
been good, notably Berlin and Paris. most other cases, ex- 
perience has indicated that wholly satisfactory conditions cannot 
obtained this manner. The tube roads are usually constructed 
two single-track tubes, the trains thus traveling one direction 
each tube. Even under such favorable circumstances, the piston 
action the trains has not produced satisfactory air renewal, 
and mechanical ventilation has had resorted to. 

The New York subway (the deep tunnel portions the road 
are not referred this discussion) near the street surface, its 
cross-section large, and the openings are numerous. These con- 
ditions favor ample air renewal from train movement. 

From investigations which have been made, has been 
found that the subway air, when measured the carbon dioxide 
standard, all that could desired. The average more than 
analyses air samples taken the streets, the stations, 
the subway between stations, and the trains, shows: the 
subway only 4.81 volumes carbon dioxide 000 volumes air; 
the streets, 3.67; difference, 1.14 volumes. The greatest amount 
found the subway was 8.89 volumes 000. 

winter expected that the air the trains will some- 
times high carbon dioxide. The car doors and windows are 
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then closed, and often the guards cannot keep the ventilators open Mr. Rice. 


account objections from passengers. Under such circum- 
stances, the same vitiation would exist the trains were running 
the open air. Therefore, such conditions cannot charged 
poor ventilation the subway. But, account several peculiar 
characteristics, result construction and operation, certain 
conditions have developed this subway which not exist the 
same degree any other subway tube railroad now operation. 
These characteristics and the resulting conditions are follows: 

Large Amount Heat Liberated the Subway from 
all Sources, due the Operation the summer 
1905, this heat approximated average B.t.u. per 
hour, throughout the hours, varying from 689 000 400 000 
B.t.u. per hour, approximately. 

The greater part this heat dissipated through the subway 
structure into the adjoining ground. relatively small amount 
out the openings the subway the exhaling and in- 
haling action the trains. About 93% dissipated these two 
ways. The remaining heat increases the subway temperature dur- 
ing summer average about greater than that the out- 
side air; or, approximately, average 15° greater than the 
temperature the subway before operation. 

Effect the Subway Structure, Location and Con- 
struction, upon the Heat amount heat dissi- 
pated through the subway structure dependent upon the difference 
temperatures between the subway and the ground around it—or 
heat head—the ground-water level, relative the structure, and 
the conductivity the structure. summer, the temperature 
the adjoining ground decreases with the increase the depth 
the subway below the surface. Ground temperatures some dis- 


tance from the subway, observed August 31st, 1905, noon, 
were follows: 


ft. below the surface, 75° 
“ 6 “ “ “ “ 74° “ 
“ 10 “ “ “ 72° “ 
“ 15 “ “ “ “ 68° “ 


“ 20 “ “ “ “ 66° “ 
“ 80 “ “ “ “ 60° “ 


the same time the temperature the subway the nearest 
point was 86°, and the temperature the outside air was 

Other things being equal, appears that, with the same amount 
heat liberated the subway, the heat head greater the 
greater the depth the subway below the surface. consequence 
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this, more heat dissipated and the interior temperature 
lowered. 

Ground-water, account its high specific heat and continual 
movement, maintains relatively greater difference between the in- 
side and outside temperatures, and thereby produces cooler con- 
dition the subway. 

The conductivity the structure largely affected the 
water-proofing. has been estimated that reduces the con- 
duction through the New York subway structure least per 
cent. the seventeen most important subway and tube railroads, 
only two are completely surrounded water-proofing envelope; 
eleven have water-proofing all, the other four are partly water- 
proofed. The New York and Berlin subways are wholly water- 
proofed. The subway portion the former miles long; 
this, miles are four-tracked. any time during the maximum 
operation, 231 cars are the four-track portion the subway, 
approximately 23000 passengers. 

The Berlin subway two-track road; little more than 
one mile long, and during maximum operation contains only 
cars any one time, carrying passengers. 

Therefore, with regard the heat condition, both the amount 
generated and the loss through the structure, can said that 
other underground railroad the United States, Great Britain, 
the Continent, comparable with the New York subway. 

Iron Dust Liberated the Wear the Rolling Stock 
and Rails—This dust comes mainly from the brake 
tween the Brooklyn Bridge and Ninety-sixth Street Stations the 
brakes are applied about one-quarter the total time consumed 
the run the local trains, and one-eighth the total time the 
express-train runs. More than tons these shoes are actually 
ground dust month the whole road. 

From what has been said, must readily appear that the subway 
problem not simply one ventilation, ventilation usually 
understood. the air between the Brooklyn Bridge and Ninety-sixth 
Street Stations were renewed every hours throughout the hours, 
during the maximum day’s traffic which has yet occurred, the car- 
bon dioxide should not exceed volumes the average; or, half- 
hour renewals during the rush hours would maintain the same stand- 
ard during that time. Such renewals would remove material 
quantity the iron dust, but would have relatively small effect 
reducing the temperature. amount air renewal could make 
the subway cooler than the outside air. fact, with 3-minute 
renewals, the subway would probably degree more warmer 
than the outside air all times summer. 

improve the conditions the subway, construction now 
under way renew the air the four-track portion about every 
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minutes, addition such renewal now takes place, due toMr. Rice. 
the exhaling and inhaling action the trains. This accom- 
plished during the day the train movement actuating movable 
louvers, valves, and night motor-driven fans. 

The louvers and fans are installed ventilating chambers 
constructed points midway between the stations. The air 
exhausted from the subway these points. The fresh air will 
come the stations, where about 5000 sq. ft. vault lights 
have been cut out and replaced with gratings provide large 
additional inlet opening. 

Bringing about the renewal this manner has several ad- 
vantages. accomplished during the greater portion the 
day the train movement acting through the louvers, thereby re- 
ducing the cost operation. night, when the train movement 
small, and the outside temperature lowest, the fans remove the 
air, thereby cooling off the structure some extent. 

case accident stalling trains, fire the subway, the fans 
are available provide fresh air, remove the smoke; the 
smoke being drawn away from the station points and thus prevent- 
ing such accident occurred Paris. The chambers also 
provide entrances and exits the subway points midway be- 
tween stations. 

When the work described completed there will material 
improvement the subway, but will not cooler than the out- 
side air. the public insists upon cool subway, cold air will 
have introduced. The method air renewal outlined will 


enable this done the most economical and satisfactory 
manner. 


Am. Soc. E.—This paper contains some Mr. 
very interesting lessons for all engineers, especially for those who 
are dealing with the ventilation the New York subway. Special 
interest attaches the proposed remedy for the defects the 
present condition affairs, which generally felt almost in- 
tolerable. The apparatus now being installed expected improve 
the atmospheric condition the subway two means: First, the 
train action depended upon force the dense air out through 
louvers side chambers, and night fans are force fresh 
air into the interior and displace the dense air. Train movement, 
however, has already demonstrated its inability act motive 
agent, any great extent, and hopeless expect results from 
that source air movement. The fans installed the side 
chambers will, doubt, effect beneficial results, their proportions 
are sufficiently ample, and they are run all times. 

would seem that the lessons learned experience subways 
other countries, the results which are presented this paper, 
could have been applied the New York subway ere this. This 
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whole subject was presented the engineering world through this 
Society Mr. Churchill, 1904, very comprehensive manner, 
and, from the facts had collated, then urged the view that the 
New York subway would require the installation special means 
artificial ventilation, and appears that the end the year 
1906 very late date for the authorities engaged 
matter, and yet undecided the methods and results, 
the public interest, might hoped that the knowledge and 
energy the author, who has closely studied the subject, and has 
favored the Society with this paper, might engaged upon the 
work, and devoted giving the public prompt relief. 

With regard the effect the closely fitting trains the 
underground tubes London, the speaker’s observations two years 
ago were that incoming trains pushed considerable draft into the 
stations, the air moving through the elevator shaft and street- 
ways, but that the same air was drawn back when the trains re- 
entered the tunnel; and felt then, feels now, that train 
movement means depended upon for effective air re- 
newal any kind subway. 

The subject effective air replacement and the dilution the 
dense and heated air the tunnel very wide nature, and 
not possible, without very full details and statistics the various 
parts the tunnel, point out the methods and required 
effect the desired improvement. would much interest 
learn something the capacities the fans now being installed 
the New York subway and their relation the contents the 
part the tunnel they are affect. 

While the tunnel air dilution shown the paper 
matter which wide variations may exist, one feature ap- 
pears common all such lines transit, namely, the pro- 
portionally defective condition the atmosphere inside the cars. 

This feature nowhere more pronounced than the crowded 
cars the New York subway, and has seemed the speaker 
strange that effort has been made effect any improvement 
this matter, would afford very direct relief the traveling 

point fact, the discomforts the public are not much 
due the condition the air the tunnel the aggravation 
that condition inside the cars. The opening the forward doors 
the head cars trains the summer, which measure was or- 
dered last year, has been greatly appreciated many suffering 
travelers. The air may heated and dense, and undoubtedly 
deficient oxygen and overcharged with but its rapid move- 
ment through the car pleasant and cooling. The effect, however, 
lost the following car, account the restricted area the 
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doors and vestibules. 
air the tunnel rolls over the surface the sides the car, 

noticeable that these cars are provided with head vents 
the same character those the cars surface railroads, and 
these are ineffective elsewhere, and are equally unsuitable 
the subway conditions. 

There appears practical reason why the cars should not 
provided with ample air scoops, that every car should af- 
forded thorough air passage through it, which can modified for 
winter conditions such way that the dilution the interior 
atmosphere with O,, least, may kept, approximately, the 
same the body the tunnel. 

The speaker’s observations show that these interiors are often 
far worse winter than even under summer conditions, ac- 
count the closing doors, windows, and vents, ineffective the 
latter are. 

The application agitators the car interiors might 
source relief for winter conditions, but should accompanied 
positive removal the dense air from the lower part the car 
interior, and its replacement the lighter air from overhead. 

One the contributing sources discomfort the heating 
the itself the emitted heat the motive apparatus and 
brakes, the heat the interior lighting, well the heat emitted 
the passengers themselves. 

The course suggested, therefore, would relieve the difficulty and 
discomfort the source, and has the advantage, over the extensive 
arrangements required affect change the air the tunnel 
itself, local simplicity and directness. 


gratifying have recorded, both Messrs. Rice and Bolton, 
concurrence the writer’s statements the effect that the piston 
action the trains, even under favorable circumstances, does not 
produce satisfactory air renewal electrically operated subways, 
and that, therefore, mechanical ventilation necessary. 

Soon after the completion this paper, the writer received 
copy the report George Soper, Am. Soe. E., “The 
Condition the Air the New York Rapid Transit Subway.” 
The diagrams showing parts carbon dioxide per 10000 volumes 
air the subway close after very rapid rising scale De- 
cember 25th, 1905, with nearly parts carbon dioxide; but the 
statement added that high 8.89 parts carbon dioxide were 
found the subway near the Grand Central Station December 
27th, 1905, which determination also referred Mr. Rice. 
does not seem strange, therefore, that the following day, De- 
cember 28th, 1905, the section the subway further down town, 


The open windows are not effective, the mr. Bolton. 
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Mr. Churchill. where general conditions are not good, the writer found 


car, not more than half full, with ventilators open, 15.58 parts 
carbon dioxide per 10000 volumes, which certainly far from sat- 
isfactory. 

The parts carbon dioxide per 10000 volumes air indica- 
tive the number bacteria and all classes impurities existing 
asubway. other words, while the percentage carbon dioxide 
may appeal chemist, there are many other items which appeal 
the engineer and traveler just great extent. 

Some London experts called the writer’s attention the peculiar 
and disagreeable odor found him the unventilated tunnel 
the City and South London Railway, which was also found 
relatively high contents carbon dioxide; and September, 
1906, while traveling express train through the New York 
Rapid Transit Subway, between Grand Central and Fulton Street 
Stations, car with both ventilators and windows open, the 
writer and others noted those odors indicative insufficient ven- 
tilation. 

The mechanical ventilating system the Boston Subway 
proportioned secure renewal air all parts the 
subway during intervals about every min. 

While the residents New York, and the traveling gen- 
erally, should be, and undoubtedly are, grateful, that plans for the 
mechanical ventilation the New York Rapid Transit Subway are 
actually being carried out, after agitation the subject for two 
years, hoped that the work may thoroughly done; but 
the plan Mr. Rice for mechanical renewal air min., 
compared with 10-min. intervals provided for the Boston Sub- 
way, would indicate the proposed use fans smaller capacity 
than may subsequently found advisable. 
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CONCERNING THE INVESTIGATION 
OVERLOADED BRIDGES.* 


For some years large part the writer’s professional work has 
been the investigation existing bridges which are subjected 
loads greater than those for which they were originally designed; 
and, the course this work, has found, among bridge en- 
gineers, such divergence views regarding the maximum unit 
stresses, etc., which may safely allowed existing structure, 
that takes this opportunity bringing the matter before the 
Society for discussion, the hope that thereby greater uniformity 
opinion may established. rapid development electric 
traction lines, both urban and interurban, many which are built 
upon highways, has had the effect overloading many highway 
bridges. 

The writer has mind interurban line which was built upon 
highway and crossed many bridges. The engineer charge, 
who was not bridge engineer, reviewed the stresses caused the 
new loading, and condemned every structure which they exceeded 
those recommended certain standard specification for highway 


Presented the meeting September 5th, 1906. 
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bridges. the other hand, lines have been built over old highway 
bridges without any investigation whatever being made the 
strength the bridges. hardly necessary state that such 
lines were built promoters, without the aid competent engi- 
neers. 

One promoter, desiring show his contempt for engineers 
general, told the writer that had built interurban line, ten 
miles length, and that his total expense for engineering services 
amounted $75. The writer having ridden over this line, sees 
reason doubt the promoter’s statement. 

the writer’s practice, when called upon report concerning 
the safety existing structure, make careful examination 
the structure the field, order determine the following 
points: 

First.—The general dimensions; 

Second.—The sizes the members, connections, making full 

allowance for corrosion, any; 

character the material, whether steel iron; 

Fourth.—The workmanship; 

presence of, liability to, secondary stresses. 

The stresses are then computed, and the dead-load and live- 
load stresses amount added cover those due impact, vibra- 
tion and similar secondary stresses. computing this allowance 

used, which the allowance made for secondary 


for secondary stresses, the rational impact formula, 


stresses: the stress due the live load considered static 
load; and the stress due the dead load only. there 
exist secondary stresses due connections, which are 
very common old highway bridges, due other defects 


design execution, these should added obtain the maximum. 


regard allowable unit stresses, may stated, general 
principle, that the greatest possible stress any member should not 
exceed the elastic limit the material. 

There are two reasons why this limit has been used: 

exceeding the elastic limit, the stress causes per- 
manent distortion the member, which, turn, causes change 
the conditions which were assumed computing the stresses. 
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Second.—The classical experiments and Bauschinger 
demonstrated that repeated strains greater than the elastic limit 
the material, but much less than the ultimate strength, might cause 
rupture.* 

well known that eye-bars and built-up members not 
develop the full strength indicated their sections and tests 
small-sized pieces, and would appear that not safe assume 
the limit full-sized members more than about 75% 
the elastic limit indicated tests small test pieces the ma- 
terial which these members are composed. has also been demon- 
strated that single angles, connected one leg only, cannot de- 
pended upon develop more than about 60% their computed 
strength.7 

The second principle, then, used the writer, may 
stated follows: The greatest computed unit stress any 
member tension, making full allowance for ordinary and extra- 
ordinary secondary stresses, should never exceed 75% the elastic 
limit the material for members symmetrically connected, nor 60% 
the elastic limit the material for angles connected one leg 
only. The latter case very often found old lattice trusses. 
This would give, for symmetrically connected members tension, 
working stresses of, approximately, 20000 per sq. in. for iron, 
24000 per sq. in. for soft steel, and 26000 lb. per sq. in. for 
medium steel. 

examining old bridges, necessary note carefully the 
construction the compression members, they are often in- 
stiffened, especially the formerly used 
such extent. The writer will risk the statement, drawn entirely 
from personal knowledge, that more failures occur compression 
members than tension members, and has mind the failure 
railway bridge the buckling the top chord 
section) under unit stress the steel not exceeding 000 Ib. per 
Full allowance for impact, etc., outlined above, had been 
made, and the failure was entirely due the lack proper stiffen- 
ing the member. 


* Paper bv H. B. Seaman, M. Am. Soc. C. E., on “* The Launhardt Formula, and Rail- 
road Bridge Specifications,” and discussion thereon by C. C. Schneider, M. Am. Soc. C 
E., Transactions, E., Vol. XLI, pp. 140 and 173. 


+ Paper by J. E. Greiner, M. Am. Soc. C. E., on “‘ Tests of Bridge Members,” Trans- 
actions, Am. Soc. E., Vol. 41. 
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the writer’s practice increase the stress compression 


000 
which the direct unit stress, maximum unit stress, 
the length the member, and the radius gyration the 
member, inches. This will recognized Gordon’s formula 
ordinarily used for pin-connected columns. 

For computing the stresses improperly designed column, 
general method offered, governed the peculiarities 
each case. cases such these that good engineering 
structural judgment most needed. 


2 


Many structures are unnecessarily condemned account 
rivets overstressed shearing and bearing. The usual assumptions 
governing such cases are follows: 

First.—That the shearing strength the material equal 
two-thirds the tensile strength, and that the bearing 
strength equal twice the shearing strength; 

Second.—That the entire stress transferred from one member 
another must considered transferred entirely 
the rivets shearing and bearing, making al- 
lowance whatever for the friction between the surfaces 
the members; 

the diameter the rivet assumed the 
diameter before driving. 


These assumptions would give maximum allowable stresses for 
iron rivets of, approximately, per sq. in. shear, and 
000 per sq. in. bearing. The writer’s experience has con- 
him that riveted connections will not fail under any such 
limits stress, and, general, rivets will not begin work loose 
until the unit stresses are nearly twice great these. 

Table gives some the unit stresses bearing the flange 
rivets built-up stringers railway bridges examined com- 
puted the writer. All these bridges were railroads carrying 
heavy traffic, and, computing the stresses, full allowance was 
made for impact, etc. Not one these stringers, far the 
writer aware, ever showed signs failure. The tensile flange 
unit stress also shown, way comparison with the bearing 
stress. 


| 
| 


TABLE STRINGERS AND FLOOR-BEAMS RAILWAY 


Full allowance has been made for impact, etc., the use the impact formula, 


All these stresses were obtained from the wheel-loads actually used. 


ing on web. in: im: 


No. of Flange 


Railroad. Member. members. |unit stress. 


BRIDGES. 


oe 10 200 39 000 
9 500 52 400 
19 100 49 100 = 
38 000 Steel. 
31 000 = 
28 800 Iron. 
35 600 
37 000 | 


Steel. use, 1905. 


= 


Railroad..... Stringers..... Iron. Not known, use now. 
| Stringers ..... 
Stringers and floor-beams.. 20 000 (av.)| 40000 (av.) Iron. Still in use, 1905. 


“ 


INVESTIGATION 


* Nos. 2 and 8 were old stringers cut off and used as deck spans, which accounts for the great disproportion between the flange unit 
stresses and the bearing stresses of the flange rivets. 
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The writer has considered that the reason for this great dis- 
crepancy between theory and observed results lies the neglect 
the element friction between the two faces the members con- 
tact. This theory seems confirmed the results such tests 
have been made. 

Tests determine the friction riveted joints were made the 
Watertown Arsenal, 1882. These demonstrated that the friction 
developed between the surfaces the plates riveted joint 
function the area the rivet section, and, therefore, directly 
comparable with the shearing value the rivet. These tests show 
the value the friction about 14000 lb. per sq. in. rivet 
section for the single surfaces contact, for lap-joint, and about 
000 per sq. in., for joints providing two contact surfaces. 
these values are higher than those usually allowed for rivets 
shear, follows that, riveted joints, the working stresses are 
transmitted entirely friction, and the shearing and bearing resist- 
ances the rivets are not brought into play until much higher 
values stress are reached. 

would appear that the ordinary working values rivets 
shear and bearing might well increased, the design new 
work, and that the maximum allowable stresses old structures 
might also increased. 

European bridge engineers have stated that European practice 
allows much higher value rivets shear and bearing than 
American practice, and that they have never had trouble from this 
source. Therefore, perfectly safe.to allow shearing and bearing 
values equal the allowed value the material tension for 
shear, and double this amount for bearing, provided there are 
enough rivets the connection, and that the workmanship such 
required develop friction between the surfaces the material. 
This would give values of, approximately, 500 lb. per sq. in. 
shear, and lb. per sq. in. bearing, for rivet steel having 
minimum elastic limit 30000 per sq. in., used exam- 
ining old structures. 

set experiments riveted joints was recently made for 
committee the American Railway Engineering and Maintenance 
Way These experiments were made 


Bulletin No. 62, American Railway Engineering and Maintenance Way Associa- 
tion, April, 1905. 
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small riveted test pieces, which were tested destruction, the failure 
occurring, majority cases, the shearing the rivets 
unit stresses from 000 per sq. in. rivet section 
before driving, the breaking splitting the plates. 

The values the rivets bearing upon the plates were approxi- 
mately twice the shearing values the point failure. The con- 
clusions drawn the committee are repeated here: 


“(1) That the resistance riveted joint against deformation 
shearing forces, the yield point, due the friction be- 
tween the surfaces held contact the rivets. 

“(2) That the yield point riveted joint reached when the 
shearing forces are equal the friction the surfaces held con- 
tact the rivets. 

“(3) That the deformation riveted joint the yield point 
caused the slipping each other the surfaces held con- 
tact the rivets, and due the diametral contraction the 
rivets cooling after they are driven, which leaves space between 
the body the rivet and the edge the rivet hole. 

“(4) That after the slip the yield point has occurred and the 
rivet brought bear against the edge the rivet hole, de- 
formation the body the rivet takes place with accelerating 
increase the resistance until the entire side the rivet has been 
brought bear against the edge the rivet hole, and that the de- 
formation continues beyond this point with diminishing increase 
the resistance until the ultimate strength the rivet shear 
has been reached and the breakdown occurs. 

“(5) That lap joints, account the unsymmetrical distribu- 
tion material, deflect sideways under strain, throwing the rivets 
tension, and thereby reducing the shearing forces between the 
surfaces held contact the rivets. 

“(6) That fillers inserted between the main plates reduce the 
strength riveted joint, but that the full strength can ob- 
tained connecting the fillers the main plates additional 
rivets. 

“(7) That the number rivets connecting the fillers the main 
plates should, for each intervening filler, about one-third the 
number rivets required similar joint without fillers, obtain 
the same strength both cases. 

“(8) That the strength riveted joint with rivets larger 
grip than about four times their diameter decreased, the length 
the grip increased. 

“(9) That the number rivets, riveted joint with larger 
the rivets than four times their diameter, should increased 
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least one per cent. for each one-sixteenth inch increase 
the grip above this length, obtain the same strength similar 
joint with the grip the rivets shorter than four times their 
diameter. 

“(10) That riveted joint, subject forces always acting the 
same direction, may safely strained beyond the yield point 
point where the rivets are brought bear against the edges the 
rivet holes. 

“(11) That riveted joint subject forces alternating oppo- 
site directions, may not safely strained the yield point. 

“(12) That, obtain minimum slip the yield point, 
necessary that the holes the component pieces should thoroughly 
match and that the driving tool should upset the rivet throughout 
its length that will thoroughly fill the rivet hole.” 

the third conclusion true, that rivets, cooling, contract 
such extent that space left between the rivet surface and 
the side the rivet hole, why that all rivets not test loose 
under the inspector’s hammer? the firm conviction experi- 
enced inspectors that they can detect any rivet that not com- 
pletely upset. possible that these men are mistaken, and that 
rivets which test loose only because the grip the rivet heads 
the plate not great enough prevent their movement? 

This theory has been advanced before European engineers, 
but the writer has seen specimens riveted joints, which, when 
sawn through the rivet and polished, showed only fine hair line 
dividing the rivet surface from the sides the hole, which indi- 
cated perfectly tight rivet. course, well known, the 
case long rivets, they are entirely upset only the ends, and 
space often left between the rivet surface and the side the hole 
the center the shank. the writer loath 
lieve that the many thousands rivets which has tested and 
found ring true could have done unless the rivet sides were 
with the sides the hole, least for some distance under 
the head. 


Cannot the slipping the plates, the stress which suf- 
ficient overcome the friction between their surfaces, explained 
the ground the compressibility the metal, since apparently 
the slipping always occurs high stress. The experiments 
Considére, France, indicate slipping stress equal ap- 


} 
} 
} 
{ 
i 4 
9) 
7) 
> 
— 


INVESTIGATION OVERLOADED BRIDGES. 255 


proximately four-tenths the ultimate shearing strength the 
rivets, while the records the experiments, conducted the com- 
mittee referred to, not indicate any extraordinary movement 
the plates when the slip occurred, subsequent increments load 
causing movements the plate comparable the original slip. 
not probable that the driving operation causes state com- 
pression exist the rivet metal and the surrounding plate 
sufficient take the contraction due cooling? 

When the stress becomes sufficient overcome the friction be- 
tween the plates, the sudden reduction the coefficient friction 
would bring about half this stress suddenly upon the rivets, and 
considerable movement would expected, due the compression 
the material, even the rivets were perfectly tight. 

There another point, which concerns the design new work 
well the investigation old work, which attention should 
called. 

the design plate girders the general custom, the 
United States, take the effective depth the girder the dis- 
tance between the centers gravity the flanges, when obtaining 
flange stresses, and the distance between the rivet lines the 
effective depth when obtaining the rivet values, which are dependent 
upon the stress transferred from the webs into the flanges given 
distance. Since the latter stress simply increment the for- 
mer, would seem inconsistent use different depths girder for 
the two cases. Would not the more rational method assume 
the effective depth the girder variable, and use the same depth 
for both 

the ends the girder there flange stress, and, therefore, 
the effective depth the girder evidently the distance from center 
center rivets; while, the center the girder, considering the 
same uniformly loaded, there shear, and all the stress has 
found its way into the flanges. then, the distance between 
the gravity lines the flanges the correct depth the girder 
this point, the stress uniformly distributed the 
flange section, seems reasonable assume. 

The writer has found many cases existing girders which 
the maximum rivet stresses were found, not the ends the 
girder, but intermediate point; and would recommend that, 
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such cases, depth intermediate between the distance from center 
center gravity the flanges, and the distance from center 
the rivet lines, taken the effective depth for all 
purposes. 

There another point which illustrates well the difference be- 
tween rules for designing new structures, and those for investigating 
old ones. 

common practice, designing plate girders, part 
the web considered flange section. While this gives 
added factor safety the structure, and may commendable 
designing new work, there can doubt that the web will 
its share the work involved resisting flange stresses, spite 
the prohibition, and this fact should fully considered deter- 
mining the strength existing structure, as, such cases, 
desirable know the actual conditions stress. 

The writer firm believer the use standard specifications 
guide designing standard structures, and believes just 
firmly that they should not followed designing structures which 
are extraordinary unusual nature, and should not used 
when reporting upon the safety structure, which is, itself, 
unusual, subjected unusual conditions loading. 

The general principles bridge design should constitute the 
engineer’s sole guide such cases, and his only purpose should 
determine the actual conditions stress the various parts the 
structure, basing his computations actual measurements, and 
“rock-bottom” principles, unhampered the limitations and 
sumptions set specifications gotten for entirely dif- 
ferent purpose. 
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writer hopes that the discussion this paper will bring out the 
various methods used treating old railroad bridges, particularly 
with regard unit stresses and impact allowances. 

does not seem consistent, when figuring new work, 
claim that the “300 formula,” for instance, represents closely the 
actual conditions, and refigure old bridges reduced impact. 

Unless “stop order” issued, the impact load exists equally 
for old and new structures, assuming excessive vibration de- 
flection the former. The variation will then appear the unit 
stresses, the question being the relation the existing stress 
the elastic limit. would interesting know whether the 
rigid adherents the “800 formula” request “stop order” 
bridges whenever the unit stresses amount 75% the elastic 
limit. The writer’s preference for the following method, 
the impact curve marked Fig. 
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the existing stresses from the drawings, when 
otherwise take field measurements the structure. 

the structure for corrosion, net area, loose 
rivets, wear joints, excessive vibration deflection, 
versed eccentric loading, paying especial attention points 
found when figuring from the drawings. 

Third.—Revise the figured stresses, necessary, result 
the field inspection, and then examine the results with reference 
the figures Table 
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TABLE FOR OLD 


(The figures are for both dead and live loads.) 
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Regarding the author’s recommendation the effective 
depth plate girders, the writer the opinion that ordinarily 
will make little practical difference which effective depth used. 


Merriman, Am. Soc. E.—This paper contains 
sound doctrine, and calls attention subject which becoming 
greater importance every year. Numerous highway bridges are 
now overloaded, owing the addition sidewalks and 
tracks, that the stresses the members are much higher than 
intended the designers. The speaker has mind wrought- 
iron bridge, built about thirty years ago, with one footwalk, the 
truss that side being made heavier than the other one. second 
footwalk and trolley track have been added the same side the 
lighter truss, that the load brought upon about 60% heavier 
than that intended, while the floor system highly stressed 
likely fail under full load. 

The concluding paragraph the paper deserves especial notice, 
giving principles which always should observed, but are often 
violated. Under circumstances can allowed, investigating 
bridge, use the drawings which were prepared the designer 
manufacturer, for cannot assumed that the bridge was built 
conformity with those drawings. Specifications for the design 
bridges have also little applicability deciding whether not 
existing structure should condemned. Even repairing 
strengthening old bridge, rules and specifications are materially 
different from those used design, especially when the repairs are 
only intended lengthen the life the bridge for two three 


years. 
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The author makes reference pins, but will often found Merriman. 
that they are very highly stressed old highway bridges which 
trolley track has been added. the speaker’s opinion that higher 
bearing and flexural stresses may permitted these pins than 
any other part the truss, since the failure pin appears 
very rare. should noted, however, that there must con- 
siderable distortion bending such pins, and that this affects the 
distribution the stresses the eye-bars whenever there are more 
than two bars one panel, that some the eye-bars may receive 
stresses much higher than they are supposed have, under the usual 
assumptions. 

Henry Seaman, Am. Soc. E.—The key the rational Mr. Seaman. 
investigation overloaded bridges would formula for the 
live-load strains which will give strain equiva- 
lent effects that quiescent dead load. Such formula has 
not yet been discovered, and probably never will be; but, such 
could obtained, would seem entirely safe permit 000 
Ib. per sq. in. structural steel Ib. ultimate strength, and 
when the bridge under constant supervision would seem 
permissible increase this to, say, 24000 lb. per sq. in., the allow- 
able strains wrought iron and higher steel modified 
accordingly. 


The author refers the formula, rational 


impact formula, but does not explain its rational deduction. Any 
formula containing (dead load) would not seem impact 
formula, although might empirical formula for dynamic 
which would impact, oscillation, fatigue, “ignor- 
nance,” ete. far the speaker has been able ascertain, the 


proper form impact formula should be: which 


the distance traveled the load, producing the given strain, 
and equals approximately one-half the span; and was ad- 
vised some years ago Guppy, Am. Soc. E., that 
value for the constant would conform approximately 
the experiments made Herbert Stone, Am. Soc. 
this formula based upon the assumption that the strain produced 
load instantaneously applied double that the same load 
rest, and also that the effect suddenly applied load varies 
inversely the time consumed its application, the value 
would 100% for very short span, and would thence decrease 
zero for span ft., provided the speed the train was constant. 
The impact for the shortest spans would not less than 100%, 
however, the speed may decrease. 

this formula for impact were enlarged cover the entire 


Mr. Seaman. 
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dynamic increase applied load, another constant, should 


this constant intended cover the effect oscillation, its 
value would replaced from 50%, varying according dif- 
ferent authorities.* were also intended cover the fatigue, 
would probably further increased. 

the speaker’s mind, such modification live-load strains 
desirable, not merely for the investigation old bridges, but 
also for the design new bridges, except that, for old bridges, 
which receive constant supervision, the value might less 
than would seem advisable new structure, subject 
special supervision, and possible increase loading. The ad- 
vantage this method design would produce heavy coun- 
ters, and thus prepare for the increased weight which ex- 
perience has shown may expected. 

The author suggests that more failures occur compression 
members than tension members; but, such the case, would 
seem due improper bracing, improper design details, 
possibly accident, rather than insufficient theoretical cross- 
section. 

mentions the usual assumption the shearing strength 
material equal two-thirds the tensile strength, and suggests 
that this too small. The speaker usually assumes the shearing 
strength material equal three-fourths the tensile strength, 
and the bearing strength equal one and one-half times the 
tensile strength. If, however, allowance made for softer rivet 
steel, the corresponding modification might made the allow- 
able strains. 

The general subject the investigation overloaded bridges 
interesting one, and accumulated data and comparison views 
are always value. The theoretical analysis structure should 
thoroughly made, and will aid, though cannot replace, indi- 
vidual judgment. 

number years ago, the early days iron bridges, the 
speaker was called upon deck-truss, revolving draw- 
bridge, reported dangerous condition. examined the 
drawings and records the structure, and learned that the bridge 
had already been condemned twice different engineers. 
examining the structure was found have been built accord- 
ance with the drawings, but have had two accidents, due 
vessels striking the bridge when closed. The fractures thus 
caused were carefully and properly spliced, but the main tension 
diagonals were slack that they were spread apart blocks 


* Transactions, Am. Soc. C. E., Vol. XLI, p. 240. 
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wood order bring them tension. The counter diagonals were Mr. Seaman. 
tight, and apparently doing service. the bridge 

showed that the sections were sufficient for the loading, and the 

speaker ventured suggest that the bridge needed readjustment. 

roadmaster and track gang were placed his disposal, the 
wooden blocks were knocked out, and the men were instructed 
unscrew the counter rods. When one these rods was unscrewed 
in. the men refused further work, fearing that the bridge 
would fall. The foreman was thereupon called the center pier 
and told look over the new line the chord. was amazed 
and delighted, and the further adjustment continued without ob- 
jection. The bridge was thereafter reported first-class condition 
until replaced several years later double-track structure. 

This instance cited merely show the advisability careful 
investigation and thoughtful study causes deformations 
and apparent weakness, and also assurance that reliance 
should placed upon theoretical deductions, carefully made. 


Francis, Am. Soc. E.—About five years ago Francis. 
the speaker was Chief Engineer street railway having 270 
miles track, operating eighteen different communities. the 
time accepting the engagement, one the first things the speaker 
tried ascertain was the condition the various bridges over 
which the road was operated. 
Among the papers the company very complete record 
the condition, characteristics, systematic inspection these 
bridges could found, and might interest the members know 
what was done getting together some useful data and establishing 
method inspection. 
There were about 135 bridges: Some had been built for streets 
and highways the various municipalities and towns; some 
existing steam railroads, over their tracks which the highways 
and street railways were located; some built private right way 
the street railway company; and some built highways the 
street railway company. These embraced all classes structures. 
One the first things done was make list showing their 
general characteristics, the date they were built, who built them, 
who was the owner, and who was under obligation strengthen, 
repair them. 
Then frequent and practical examination was instituted, and 
record made, that, case trouble, would possible 
before court and testify that the bridges were being looked after 
systematic way. 
good many these bridges were strengthened consequence 
this examination. one the routes, regular steam railroad 
freight car service was maintained, the freight cars being hauled 


Mr. Francis. 


Mr. Belzner. 
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electric locomotives. The bridges this line were built strength- 
ened for corresponding loads. other lines there was the usual 
street car equipment and also heavy type electric interurban 
car. This latter type was the one considered for loads making 
calculations for strains. the tensile strains the iron steel 
did not exceed 20000 per sq. in., the bridges were considered 
safe; the strains were greater, the bridges were strengthened. 
most cases the greater strains occurred the floor stringers, and 
various expedients were adopted insert new members. Generally, 
the steel bridges were found strong enough, except stated. 

good many minor structures wood and stone were all 
stages repair, and were quite easily strengthened. There was 
considerable trouble with the various owners the division 
expenses and the manner doing the work. rule, the expense 
strengthening fell upon the street railway company. 

writer agrees with the author that “it the firm conviction 
experienced inspectors that they can detect any rivet that not 
completely upset.” 

The “space between the body the rivet and the edge the 
rivet hole,” due the contraction the rivet cooling, more 
likely with hand-driven than with machine-driven rivets. 
Assuming that the rivets the tests mentioned the author were 
hand-driven, there doubt that such space might left be- 
tween the rivet surface and the sides the hole, because the up- 
setting hand-driven rivets seldom, ever, fills the holes com- 
pletely. the other hand, when rivets are machine-driven, the 
heads are perfectly formed and the shank upset that fills 
the hole completely. 

During the construction several large viaducts New York 
City, the writer made many tests and observations machine- 
riveted conections, and generally found only fine hair line divid- 
ing the rivet surface from the sides the hole, which indicated 
perfectly tight rivets. 

The case long rivets recalls the writer examination 
made riveted connection for very important bridge member. 
The bent plate this member contained long 1-in. shop rivets, 
which were condemned for looseness. The shop rivets were 
cut out and replaced machine-driven field rivets. cutting off 
the heads and “backing out” the rivets, material damage was 
done the adjacent ones, but many them became loosened while 
the field rivets were being driven. The rivets “backed easily, 
some requiring only few blows with 8-lb. hammer. exami- 
nation these rivets showed that they had not been upset properly, 
some cases shoulders were formed under the heads (caused 
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oval-shaped holes through the bent plate), other cases the rivets Mr. Relzner. 
were slightly rusted and showed some The result was that 
more than field rivets had driven replace the shop rivets. 


Am. Soc. (by the Annual mr. Greiner. 
Convention the Society 1895, the writer presented paper 
entitled “What the Life Iron Railroad Bridge?”* which 
covered precisely the same ground the one now under discussion. 

The extent which bridge could overloaded, recom- 
mended the writer that time, was very fully and 
the opinion those taking part the discussion quite generally 
agreed with that which advanced. 

Mr. Watson’s limits are based what “rational im- 
pact formula,” which differs somewhat from that used formerly 
the writer, and also differs from the impact formula adopted the 
American Railway Engineering and Maintenance Way 
ciation, now quite commonly used. 

Mr. Watson’s limits the extent which bridge can 
overloaded are conservative and somewhat lower than those which 
were advocated the writer 1895 and have been his practice 
since that time. 


Watson, Am. Soc. (by com- Mr. Watson. 
parative diagram impact formulas given Mr. Coombs, 
very interesting. The writer has compared the results given 
the formula,” with those given the formula which uses 
and calls the “rational formula,” and has found that these results 
differ very little from each other all ordinary cases. prefers 
the “rational formula” because, his mind, rational. 

Mr. Seaman, criticising the use this term, appears have 
mind the strict mechanical meaning the term “impact,” which 
defined Webster “the single blow stroke body 
motion against another, either motion rest,” but the impact 
formula under discussion intended cover, not impact itself— 
which function the properties the striking body only— 
but the effects the impact upon the body struck, which en- 
tirely different matter, and does involve the physical properties 
the latter body. 

The amount impact has already been assumed this formula, 
well the “Launhardt” and “300” formulas, equal 
the live load; but the effect this impact upon the body struck 
function its elasticity and mass, the latter body being always 
rest. The writer did not intend that this formula should taken 
measure impact, but measure the stress due impact, 
and the word “stress” should understood following all the 
initials, and which enter into this formula. Aside from 


* Transactions, Am. Soc. C. E., Vol. XXXIV, p. 204. 
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theoretical analysis, appears the writer that anyone who has 
observed the effects impact upon bridge structures must 
convinced that the dead weight the structure plays very im- 
portant part reducing the effect the impact due applied 
load. 

The writer confesses that had overlooked the very valuable 
paper Mr. Greiner, entitled “What the Life Iron 
Railroad Bridge?” which covers much the ground now under dis- 
cussion, and wishes commend this paper the younger members 
the profession. can see reason for changing the limits 
stress, which has proposed, but this discussion and the reading 
Mr. Greiner’s paper, together with the valuable discussions there- 
on, especially that Mr. Schneider, have convinced him that these 
limits are conservative. 
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FOUNTAIN FLOW WATER VERTICAL 
PIPES.* 


AND 


The purpose the experiments described this paper was 
obtain general law for the fountain flow water from vertical 
pipes, for pipes any size and for any head over the crest. 

has long been accepted theory, supported demonstration 
physical laboratories, that the height jet water equals 

nearly the difference being supposed due air resistance; 
but the theory does not take into consideration the weight the 
column water and the fact that the condition flow for high 
heads entirely different from that for low heads. 

For very low heads the flow almost identically the same 
the flow over sharp-crested weir. both cases, the water flows 
over the edge smooth sheet. there vacuum beneath the 
sheet, clings the weir both cases; and air admitted, the 


sheet jumps free. 


Presented the meeting October 17th, 1906. 
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passing from the quiet sheet flow the jet, the flow 
peculiar character. begins with swirling rotary motion, and 
ends bubbling condition. Just when the jet finally formed 
cannot detected the eye, the water falling hides the jet 
column. 

The results the éxperimenis described give definite 
information, which confirms very closely the theory jet flow for 
high heads, and indicates law that differs materially from this 
theory for low heads. Also, the nature the transition from one 
condition the other has been clearly defined, and definite laws 
have been determined giving, for pipes any size, the head 
which this intermediate stage begins and ends. 

That these laws flow are considerable importance patent 
all who have tried determine the flow from fountain influents 
filter plants, from Artesian wells. The flow these cases 
most often the condition where the jet formula does not apply. 

far the writers know, there has been previous attempt 
determine these laws flow experiment, that they would 
generally applicable pipes any size. Professor Todd, 
State Geologist South Dakota, has computed table* the 
theoretical jet formula, which does not take into consideration the 
weir and intermediate conditions. will appear later, the use 
this formula involves very great errors for low heads, giving entirely 
misleading results, and making the formula worse than useless for 
these cases. 

The United States Geological Survey has for some time tried 
obtain experimental data order establish these laws flow, 
and the spring 1905 corresponded with Schoder, Jun. 
Am. Soc. E., charge the Experimental Depart- 
ment Cornell University, regarding the performance such ex- 
periments. Shortly afterward Messrs. Elliot and Porter took the 
matter for graduating thesis; but, account the small head 
water obtainable the basement the civil engineering build- 
ing, only the weir condition one pipe (4-in.) was investigated. 
One valuable result, however, was brought out this experiment. 
found pressure tap the side the vertical pipe was 
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entirely inadequate for indicating heads. Pitot tube gave far 
better results. 


the early spring 1905, the writers determined spend 
the succeeding summer obtaining experimental data this sub- 
ject, using wide range sizes pipes 

The College Civil Engineering generously offered supply 
the greater part the equipment needed the work, and Professor 
Schoder arranged make use the peculiar advantages offered 
the Hydraulic Laboratory Fall Creek Gorge. 

The writers feel deeply indebted Professor Schoder for his 
valuable advice, and skilful planning and arrangement the ap- 
paratus used. his encouragement and enthusiasm that the 
successful issue these experiments largely due. 

The experiments were begun July and finished September, 
1905, covering period seven weeks. 


APPARATUS. 


Hydraulic Laboratory—The Hydraulic Laboratory 
University situated Fall Creek Gorge just below Trip-Hammer 
Falls. The building encloses stand-pipe, ft. diameter and 
ft. high, which used supply for experimental purposes 
the various floors the building, and receives its supply, either 
from pipe from the 16-ft. experimental canal. Both 
these sources are fed from Beebe Lake, which just above the 
falls. The supply led through baffle boards into weir cham- 
ber, ft. long, and over sharp-crested weir, into the stand- 
pipe. 

Fig. Plate XXIII, view the building, and the general 
elevation the stand-pipe and experimental apparatus 
Fig. Fig. Plate may seen the discharge from 
the 12-in. regulating gate the second floor, and also from the 36- 
in. gate the bottom. The latter gate operated hydraulic 
lift, and was used empty the stand-pipe the end the day’s 

work, 

apparatus common all experiments, Fig. 
consisted 12-in. pipe connected the bottom 
stand-pipe nozzle elbow and gate-valve. This pipe sup- 
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ported large cypress box having spout. was arranged that 
the flow from the box could fall into the large lead-lined measur- 
ing tank, or, means galvanized-iron diverter, could led 
clear over the side the tank and let fall the concrete floor be- 
low, where several drains carried the creek. 

The 12-in. pipe was ordinary well-casing, and was fitted 
the lower end with plain flange for bolting the elbow, and 
the upper end with special flange, which secured water-tightness 
and the same time helped support the box. The box was pro- 
vided with flaring galvanized-iron top-piece, ft. in. high. 
This was fitted into the top the box, and served prevent loss 
water during high-head runs. 

The trough diverter was provided with extension sides order 
carry off the higher heads and also prevent splashing. The 
upper end was given slope 45° form good cutting 
edge when pushed through the stream water. The latter ar- 
rangement made possible cut off the supply instantly. The 
diverter operation, wasting the flow from the 4-in. fountain, 
with head about ft., shown Fig. Plate 

Arrangement pipes used these experiments 
were 12, and giving, the writers’ opinion, 
ciently wide range. was also thought that the experiments 
could made more valuable using pipes the sizes used 
actual practice. 

TABLE 


LENGTH, FEET. DIAMETER, INCHES. 


Position 
| | ion ow 
Weir part, Stem part, | Measured and | inches. sert 
in feet. in feet. Nominal. | aecepted. top, in inches. 
2.70 6.00 0.10 1.90 
3.10 9.65 | 4 | 4.090 | 0.14 4.00 
8.05 10.85 0.19 6.20 
2.99 12.00 12.586 0.16 12.66 


the descriptions following, the nominal, instead the actual, 
diameters are used. 

The total length these pipes varied from ft., which 
length helped restore the abnormal conditions flow, caused 
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the elbow, more nearly normal conditions, the top. The 
12-in. pipe was well-casing, and the and 4-in. pipe stand- 
ard wrought iron. The 2-in. pipe was seamless drawn brass. 

Fig. shows the arrangement the pipes. Each pipe was 
composed two parts, the upper weir length, and the lower 
stem. The stems had flanges fit the large flange the 
12-in. pipe when lowered into place. This arrangement was made 
for the convenience leaving the stems place, which was done 
all cases except for the 9-in. pipe. The weir lengths and their 
flanges were the only parts removed. The tops these lengths 
were turned true lathe, both inside and outside, depth 
about in., and the upper edge was beveled off the outside 
angle 60° with the horizontal, thus giving effect sharp- 
crested weir. distance from the top, equal the diameter 
the pipe, tap was made for the attachment the Pitot tube 
sheath. 

After cleaning off the rust, four measurements diameters 
were made with steel calipers near the upper edge the weir. 

The 2-in. combination was fitted after the experiments had 
been made with all the other pipes. For this the weir length the 
4-in. pipe was removed and blank flange put over the top the 
stem. Then the 2-in. stem was fitted the elbow from the 
6-in. gate the stand-pipe (Fig. stem, when put through 
hole the box, projected short distance above the floor. 
collar, serving lock-nut, was then screwed down over the stem. 
This prevented leakage. The 2-in. weir length was made two 
pieces, the top being made specially for the purpose. 

order that the experiments might made under conditions 
flow nearly normal possible, the effect the 12-in. elbow 
had compensated. This was done with galvanized-iron dia- 
phragm, placed between the top flange the elbow and the bottom 
flange the 12-in. pipe. This was arranged provide resistance 
the water leaving the convex side the elbow, and free flow 
the slower moving water from the concave side (Fig. 2). 

was thought that this would produce nearly normal flow 
above the elbow. That this proved correct shown 
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Plates XXV and XXVI, the velocity traverses taken the Pitot 
tube. 
Pitot Pitot tube used for measuring heads above 
the crest the pipe, shown section with the sheath Fig. 
The tube proper consists straight cylindrical brass tube, 
having external diameter 0.17 in. and internal diameter 
0.10 in., being 9.6 in. long, and closed the lower end. The 


PLAN PIPE CONNECTIONS 


Diameter of bolt holes. % in 


Diameter of passage holes 4 in, 


Stand-pipe 


Galvanized-iron Diaphragm 
2-in. Gate between the top flange of 

the elbow and the bottom 

flange of the 12 in. pipe. 


Fie, 2. 


impact opening hole, 0.10 in. diameter, drilled right an- 
gles the axis the tube and 0.10 in. from the end. the 
outer end the tube widens out diameter 0.30 in., 
slide snugly through the stuffing-box the end the sheath. 
Near the end the tube pointer for indicating the direction 
the impact opening. The sheath screws into the hole drilled 
through the pipe wall. The burr inside the pipe, made the drill, 
was carefully filed off. When the sheath was screwed into the hole, 
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care was taken that did not extend into the pipe. The other 
end the tube has female coupling, which the hose was at- 
tached. The hose was connected with one arm glass gauge, 
mounted wooden frame, which was scale graduated 
feet and hundredths. opening the stop-cock the top the 
gauge, the arm was used open column. the gauge was 
only ft. high, had raised when the head exceeded this 
amount. Several changes were necessary for the smaller pipes. 
Sighting order that the results these experiments 
might put into use the field, where the Pitot tube not al- 


ways available, sighting rods were used. These were ordinary 
stadia rods, blocked off red and white tenths feet. They 
were placed vertically opposite corners the box, that 
sight might taken over the center the pipe. They were leveled 
up, give equal readings for the same elevation. The 


sighting rods were not used until after the runs the 9-in. pipe 
had been made. 

Measuring measuring tank 4-in. pine, and 
lined with sheet lead. Its inside dimensions are: ft. 
in. ft. ft. in., and its capacity about 850 cu. ft. 
Two tape blocks and boxes were fastened securely the top the 
tank opposite sides. Steel tapes carrying long-pointed plumb- 
bobs were run over the blocks and fastened spools the boxes. 
These tapes were graduated feet and hundredths. the tops 
the blocks were brass plates, grooved allow the tapes slide 
through. Readings were made the tapes opposite reference 
scratches either side the groove. 

Rating.—In order measure the quantity water during 
run, the measuring tank was rated the following manner: The 
readings the tape for the bottom the tank were first taken. 
Then cu. ft. water was weighed out galvanized-iron tank 
small Fairbanks scale, and emptied into the large measuring 
tank. When five these had been poured and the water 
quieted, the tapes were read again. were taken low- 
ering the plumb-bobs until their points just touched the water sur- 
face. For the remainder the rating, readings were made for every 
cu. ft. Plottings were then made showing the relation 
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tween the tape readings and the quantities for each tape. This 
‘was practically straight line each case. Then, the quantity 
for any run was required, could obtained picking off the 
quantities for the initial and final tape readings. The difference 
represented the quantity for the run. 


EXPERIMENTATION. 


The readings the Pitot-tube gauge, corresponding zero 
head the crest, were found the following manner: shown 


SKETCH SHOWING METHOD OF DETERMINING 
ZERO READING FOR PITOT TUBE GAUGE | 


Fie. 4. 


the sketch, Fig. hook-gauge, reading 0.0001 was 
clamped the side the pipe. The point the gauge was 
brought the exact level the crest supporting one end 
small spirit-level the point the hook-gauge, with the other end 
resting the edge the pipe, along diameter which was pre- 
found level. The readings were made when the 
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bubble came the center. Water was then let into the pipe until 
was full. Then the gate was closed, but, owing small leak- 
age the valve, there was very slight overflow. Several settings 
for the water surface level were made with the hook-gauge, and 
simultaneous readings were taken the glass-gauge. The glass- 
gauge was read placing the upper edge small brass runner 
tangent the bottom the meniscus the water column, and 
reading the scale alongside. The difference the average 
the two sets hook-gauge readings, subtracted from the average 
the glass-gauge readings, gave the zero reading the glass- 
gauge referred the crest level. This determination the zero 
reading was made several times for each pipe, because the deduced 
heads depend largely upon for their accuracy. 

was considerable keep the hose connection 
the Pitot tube entirely free from air. When air gets into the 
tube, the readings the gauge are either too high too low, but 
usually the latter. prevent air from accumulating the bends, 
the hose was frequently shaken out. sucking one opening 
the gauge siphon was formed and the air brought out. one 
case small hand-pump was used good advantage. 

order prevent the pounding water the stand-pipe, 
and the consequent formation air bubbles, was necessary 
keep the stand-pipe full all times; but, the quantity taken 
out for experimental purposes varied, and was usually smaller 
than that taken over the standard weir, the 12-in. regulating 
gate the second floor was used. This gate discharged the water 
outside the building, shown Fig. Plate XXIII. Along- 
side this gate steam-gauge was connected the stand-pipe. 
few trials showed the pressure for which the stand-pipe became 
full. 

order secure steady head, the method operation was, 
first, adjust the 12-in regulating gate until the head indicated 
the steam-gauge was nearly constant. Then the required head, 
shown the Pitot tube, was set the 12-in. gate the bot- 
tom the experimental pipe. Finally, the level the water 
the stand-pipe was readjusted the regulating gate, until the head 
was absolutely steady. this way uniform flow was assured 
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the experimental pipe. first, this adjustment took consid- 
erable time, but later was made more quickly. 

Method making run, the procedure 
was follows: The Pitot tube was set with the impact opening 
directed vertically downward the center the pipe. The setting 
was done with stick, which was mark placed that when 
the end the stick was held against the pipe under the tube 
sheath, and the edge the indicator was brought over the mark, 
the impact opening the tube was then center. The direc- 
tion the impact hole the tube was given the pointer (al- 
ready described). The air was then shaken out the hose, and the 
head adjusted, previously described. 

Two readings were made for each tape the measuring tank, 
and recorded, unless the differences from the last level the tank 
varied more than 0.004 ft., which case the readings were 
repeated. 

given signal, the diverter was swung out and the water 
allowed flow into the tank. The initial time was noted or- 
dinary well-regulated watch, and recorded. soon the run had 
started, readings the glass-gauge were taken. The water column 
vibrated considerably times, especially for high heads, when the 
jet would leap and suddenly drop down, while other times 
remained quite stationary intermediate position. The 
maximum and minimum readings were taken, and especially the 
point where the jet remained stationary for short time. During 
this latter stage slight trembling was noticed the gauge column. 
Usually, six readings were taken. These were distributed that 
the final one was near the end the run. All readings were 
made the bottom the meniscus. 


the same time, observations were made the sighting 
rods. This was done holding the small blade knife some 
point the rod and standing off arm’s length. Then, 
sighting along the knife point equal reading the other 
rod could determined whether the knife was too low too 
high. The final level was chosen that the fountain column 
would remain above about the same length time below, 
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that short, high leap would compensate for smaller depression, 
but longer duration. 

One observation was made each the two observers for 
each head. The results were not announced until both had been 
made. the observations were independent, which tended 
eliminate the personal equation. 

When the last gauge reading was made for Pitot tube cen- 
ter, the tube was pulled out the pipe in. back into the sheath 
indicate the wall pressure. The indication the gauge 
for this position the tube evidently the same for simple 
piezometer the side the pipe. The Pitot tube here merely 
serves place hose connection transmit the pressure the 
gauge, the sheath, which corresponds piezometer tap. 
These readings, when corrected for the zero the Pitot-tube 
gauge, give what are called “Pressure Heads” Table Two 
readings were made for each head. the second signal, the di- 
verter was pushed back into place, and the water was wasted over 
the side the tank. The time was again noted. 

The cutting edge the diverter (Fig. was made that very 
little water was lost splashing. Wooden guides along the side 
sure return the exact place. 

While waiting for the water the tank quiet, another head 
was adjusted, which saved considerable time. The tapes were 
then read, before, and another run started, unless the tank was 
full, which case was emptied means 8-in. gate near 
the bottom. Enough water was left cover the bottom com- 
pletely, and the tapes were then read again. The durations the 
runs varied considerably. For low heads, runs min. were 
sometimes made, while for high heads, they were very short, es- 
pecially with the 12-in. pipe, where, for the highest heads, the 
large tank was filled 1-min. During the long runs one the 
observers made frequent trips the regulating gate sure 
that the head was steady, indicated the steam-gauge. 

the original notes fill one and one-half ordinary transit 
books, was thought best give herein only sample form 
notes. The original notes will kept record the College 
Civil Engineering, Cornell University. 
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Form 
Runs for 4-in. pipe. Sept. 20th, 1905. 


Zero gauge 0.231. Zero rods 3.17. 


= 


gauge. | | , Prods. or 
No.1 | No.3 pressure 
1,550 11: 87:15 | 27.780 4.45 0.285 


Pitot-Tube Traverses.—Five Pitot-tube velocity traverses, Plates 
XXV and XXVI, many different heads, were made 
each pipe, and distributed show the character the flow 
the various heads. stick was made (the same for adjusting 
the Pitot tube center) which the diameter was laid off and 
divided into equal parts, giving points (except 
case the and 4-in. pipe, where points were used). plac- 
ing the end stick against the pipe, under the tube sheath, any 
point along the diameter could set from the edge the pointer 
the tube. 

After adjusting the head for the runs, the head center 
was first read, three readings usually being taken. Then three read- 
ings were taken the other points, from 16, and finally the 
center again. The plottings (Plates and XVI) were made 
using velocities from the formula, and distances along 
the diameter. 

explained previously, the diaphragm was placed the po- 


sition the elbow where the water assumed vertical flow, namely, 


the horizontal flange the elbow, that more even distribu- 
tion velocities across the pipe would result. The long vertical 
length pipe was used order give greater facility the 
water regaining its natural flow the time reached the 
crest the pipe. apparent, therefore, that, obtain the 
actual distribution velocities, was necessary take points 
across the pipe, beginning point farthest away from the stand- 


pipe and running across the nearest position (Fig. 5); 
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other words, line parallel the flow water from the 
stand-pipe the vertical pipe, and hence parallel the horizontal 
length the elbow. 

The traverse plottings (Plates XXV and show remark- 
ably good distribution. 

Rating order determine the tube 
was rated near the lower end 5-in. seamless drawn-brass 
pipe, 120 ft. long, leading directly from Beebe Lake and discharg- 
ing into concrete measuring tank 500 cu. ft. capacity. These 
were made co-operation with Mr. Rodhouse,* who was 
making extensive series tests various Pitot tubes for the 
degree E., and who, with Mr. Berry, was rating great 
many tubes for the Ontario Power Company. These two men gen- 
erously aided the ratings, that the writers feel that they are 
very reliable. 

The cross-section the pipe was divided into ten concentric 
rings equal area, giving, with the center point, points 
diameter. This method dividing the area makes the calculation 
mean velocity very easy using the formula, 

Wall pressures were taken from tap the same cross-section 
plane the Pitot tube, and were connected one arm water 
differential gauge, while the Pitot tube was connected the other 
arm. The difference between the two column readings gave the 
velocity head, which was converted into velocity the formula, 

While readings were being made the gauges, several runs 
into the measuring tank were made for quantity. The average 
quantity, feet per second, during traverse, divided the 
area the pipe section, gave the mean velocity, (or actual), 
tank measurement. The mean velocity, the Pitot tube 
was computed from the foregoing formula, and, finally, the tube 


was obtained. This was found 1.005 for the 
m 
mean five traverses, shown Table This very near 
unity, and, for all practical purposes, may taken 


See Thesis Mr. Rodhouse, Cornell College Civil 
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FOUNTAIN FLOW VERTICAL PIPES. 
Plotting; on logarithmic cross-sectien paper, ; 
observed discharges and heads(as obtained 
by Pitot tube on center.) 


of observed discharges and heads/(as ob - 


AY 


Heads, by Sighting Rods, in feet 


= *Oz \ 2 / pips = / / 
Fos Heads, by Pitot Tube, in feet ; 
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0.992 6,110 
1,043 4.770 
0.995 8.930 
0.990 4,200 
1.009 


TABLE 2.—Continued. 


Number of Run. 


7e = Velocity of tube at center, 
Vm = Mean velocity from traverses, 
U = Mean velocity (measured). 


The writers believe that for most work pipes actual prac- 
tice, simple tube this form gives results fully accurate as, 
not better than, great many the more complex but less dur- 


able tubes. The averages 0.846, which agrees closely with 


the results other observers.* 

The writers not present detail the numerical data for 
either set traverses, the plottings are sufficiently illustrative. 
The data, however, will kept record the College Civil 


Engineering Cornell University. 


Paper Messrs. Williams, Hubbell and Fenkel, with discussion; Transactions, 
Am. E., Vol. 
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7.84 | 6.88 0.872 
6.62 5.67 0.858 
4.58 3.90 0, 862 
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averages the heads, read the Pitot 
tube center sighting rods, were first corrected for the 
zero readings. Then, the tank rating curve, the quantity for 
each run was picked off for the corresponding tape readings. The 
average the quantities obtained the two tapes divided the 
length the run seconds gave the quantity, cubic feet 
per second. The results these computations are shown Table 
which the pressures (corrected for zero reading) are also 
shown. These were not taken for all heads, because, when the 
gauge was raised, the water column was below the gauge. other 
times, when series runs was rejected (which was done 
eral occasions the field because air the tube), the pressure 
observations were not repeated with the other measurements. The 
writers plotted these pressure heads with respect the Pitot-tube 
heads, but could find regular relation. The irregularity 
these pressure heads shows how unreliable they are means 
measurement. Had they shown any regularity, they would have 
been used subtract from the Pitot-tube head, order obtain 
the velocity heads. For this reason the tube could not rated 
the experimental pipes, and the traverse plottings (Plates XXV and 
serve only show the distribution velocities. The rating 
the 5-in. brass pipe sufficient show the action the two. 

values and were then plotted (Plate 
with the values abscissas and the values 
ordinates. The average line through series points gives 
and for the weir and jet conditions each pipe. 

The average lines were selected follows: was noted in- 
spection that the upper and lower parts the series points fell 
generally along separate straight lines with different slopes. Then, 
starting the higher end, line was drawn which balanced 
the points either side; and, the same way, line was drawn 
for the lower part the series. Inside the vertex the angle 
formed these two lines, the points seemed fall along well- 


defined curve. After several trials, curves were drawn which ap- 
peared the same for all pipes. 


| 
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EXPERIMENTAL RUNS PIPE. 


Head Pitot 
center, 
feet. 


tube 


oS 


ASSH 


oe 8 


in feet. 


Pressure head, 


Quantity 
discharged, 


in cubic feet 
per second. 


335 
on 


TABLE 3.—OBSERVED QUANTITIES. 


Remarks. 


Used 5-cu. ft. tank 


weighing scales for 
measurement quan- 
tities in first five runs. 
Sheet form. 
Slightly disturbed. 


column. 


0.067 


Bulb form of discharge. 
Sheet form. 


column 
steady. 


un- 


| Assuming fountain jet 


| form. 


form established. 


| 
| 


oscillations of water) 


ZERO TUBE 0.188. 


Number run. 


2k 
Bas 
ms 
.597 0.610 0.029 
.655 0.660. 0.081 
760 0.770 0.083 
.816 0.815 0.983 
.919 0.895 0.087 
-979 0.975 0.042 
-114 1,095 0.048 
234 1.205 0.054 
- 833 1.345 0.056 
1,460 0.057 
749 1,695 " 
140 2.085 ‘ 
-660 2.535 
8.110 
270 
.335 


Quantity 
discharge 


ed, 
bic feet 


per second. 


In cu 


Remarks. 


Gauge raised 1 ft. 

| 

|Fountain jet condition 
apparent to the eye. 


0.681 0.680 0.047 
0.728 0.755 0,047 
0.818 0.825 0.047 
0.888 0.905 0.050 
1.061 1,080 0.153 
1.138 1.155 0.155 
1,285 1,295 0.057 
1.465 1,500 0.058 
1,648 1.700 eee 
1.888 
2.218 

2.658 

3.021 

3.482 

4.072 

4,824 

5.681 

6.845 | 


3.17. 


about 1.3. 


raised. 

Great fluctuation 

- noted on very slight 
{ motion of gate. 


e 
eet. 
| 
| | | 
| | 
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Head Pitot 
tube on center, 
in feet. 


0.049 
0.052 
0,068 


| 
| 
| 
| 
| 
| 


Quantity 
discharged, 
in cubic feet 
cond. 


Head by 
sighting rods, 
in feet. 
in feet. 
run. 
in feet. 
in feet. 


aS 
= 

— 


in feet. 


in cubic feet 


per second. 


per 
Head by Pitot | 


Pressure head, 
| tube on center, 
Pressure head, 


o 


Sheet discharge. 
Smooth discharge. 
Slightly rough. 


o 


= 
~ 


Velocity at edge greater 
than at center on one 
side of pipe. 
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FOUNTAIN 


Number of 
run. 


EXPERIMEN 


feet. 


In 


Head by Pitot 
tube on center, || 


oro 


— 


Head 
ghting rods, 
in feet. 


0.050 


0.080 
0.120 
0.135 
0.150 
0.180 
0.210 
0.240 
0.270 
0.290 
0,340 
0.370 
0.410 
0.450 
0.470 
0.470 
0.490 
0.530 
0.590 
0.580 
0.630 
0.630 
v.710 
0.770 
0.880 
0.900 
1.000 
1.070 
1.150 
1.200 


TAL RUNS PIPE. 


Pressure head 
in fee 


bic feet 


per second. 


Quantity 
discharged, 


incu 


Barely 


Or 


TABLE 


Remarks. 


flowing 
edge. 
Sheet form. 


Slight disturbance. 


Violent disturbance, 
swirls in circle, great 
variation head. 

Occasional spouts. 


jumps much 

| as0.1ft. Would seem 
indicate critical 
velocity. 

‘Not so much spreading 
noticed as in - and 12- 
inch pipes. 


| 


ZERO 


over 


| we 

© | =e 
| 

| 

= 

= = moe 
' 
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3.098 
3.908 
5.746 5.800 


show how pressure acts. 

0.097 


0.457 


Prror 0.144. 


The folowing series (Pitot Tube on ce 


Pressure head 
in feet. 


8 Remarks. 
1.736! Head fluctuating consid - 


0.076 
0.092 
0.084 
0.102 
0.100 
0.121 
0.125 
0,102 
0.141 
0.141 


erably. 


Gauge raised. 


38.437 
8.704 


iter. and Pressure readings) taken 


| 
| 
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WATER, 
Number run. 
Head Pitot 
tube on center, 
in feet. 
Head 
sighting rods, 
in feet. 
Pressure head, 
in feet. 
Quantity 
discharged 
cubic feet 
per second. 
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At 1 ft. a whirling motion)|: 


observed. At times, when! 

near one edge, the water} 

would shoot across. | 

Sheet form. 

Slightly rough. | 

Between 0.2 and 0.3 the flow) 
would not settle. 


Below 0.235 trial 


Number of run. 
Head Pitot 


tube indicated that veloc- 
ity center was less than 
center velocity was higher; 


very unsteady; appears to’). 


begins. 


tube on center, 
in feet. 


0.928 
1.030 
1.130 
1.232 
1,378 
1.481 
1.560 
1,729 
1.953 
2.131 
2.441 


0.521 
0.681 
0.774 
0.876 
1,219 


Head 
sighting rods, 


in feet. 


1.340 
1.650 
1.760 
1,890 
2.150 
2.360 
2.79 


in feet. 


Pressure head, 


feet 


ic 


Quantity 
discharged, 
cub 
per second. 


Remarks. 


0.176 
0.153 
0.139 
0,116 
0.106 


Gauge raised. 


ction of the pressure head. 
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GENERAL PLOTTING logarithmic cross-section paper, determine the relation between the 
diameter fountain pipe and the values formula, The values are 


those obtained from plottings experimental data the several pipes (see Plate 


n 


Value formula, =mH 


Formulas obtained 
for the weir, 
Q in cubic feet per- second.) 


Formulas obtained are: 
feet per second, 


0.1 


| 
Diameter,in inches. Diameter,in inches. 
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For heads read with Pitot tube center. 


inches. 
m n m n 

2.08 1.29 0.168 0.54 
4.09 0.660 0.496 
9.172 6.45 1.31 0.548 

For heads read with sighting rods. 
6.197 3.40 1.470 
10.00 6.130 0.56 


was expected, the transition from the weir the jet condi- 
tion does not take place suddenly, but very gradually, shown 
the curved lines. This result agrees with the appearance the 
actual flow, where, when the head steadily increased, takes con- 
siderable time pass from the weir condition the actual jet. 

The only case which exception the 6-in. pipe. 
the plotting this pipe, there seen apparently sudden change 
from the weir the jet. There sudden bend where increase 
head does not give corresponding increase the quantity. 
hardly reasonable suppose that this same condition would 
hold for all pipes the same diameter, yet explanation diffi- 


cult. When the writers noted the plottings they made several 


runs either side and the bend, but the result was the same 
before, that experimental error could not held responsible. 
The only explanation which the writers can the phenome- 
non this: The inside the pipe was machine-worked somewhat 
more than the other pipes, and, instead coming gradually 
the former diameter, there was slightly rounded angle. The 
diameter near the top was 0.1 in. larger than that in. down. Thus, 
when the flow became jet the column may have shot past the wall, 
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unsupported, does outside the pipe, that the real diameter 
was the small one farther down. this so, the quantity, 
cubic feet per second, should increased. other words, the run 
would actually represent that from pipe smaller diameter. 

The jet the 4-in. pipe shows two well-defined lines, which 
may have been due the cause mentioned above. The 
resenting the average these two lines was the one finally adopted. 

The plottings quantities and heads read sighting rods 
(Plate represent similar conditions, except that the values 
and are higher for the weir, and, most cases, lower for 
the jet. the Pitot tube true indicator, the rods were read 
too low for the low head and too high for the high head. The sud- 
den jumping the water creates impression the eye that the 
average head somewhat higher than actually the case. For 
very low heads the reflection light the water surface has 
considerable effect the rod readings. The writers would advise 
the use the hook-gauge other means for these low heads when 
Pitot tube not available. The latter enables one make ac- 
curate readings for these low heads, there very little vibration. 

The points where the intermediate conditions begin and leave 
off are plotted (Fig. 6), for each diameter, logarithmic cross- 
section paper, with the heads ordinates and the diameters 
abscissas; also, the points intersection for the jet and weir lines 
were plotted for each pipe. The equations 
through these points can used for determining the heads 
which the intermediate conditions begin and end, for any size 
pipe. The equations are: 

0.028 for the end the weir condition 

0.107 for the beginning the jet condition 

045 for the intersection weir and jet lines. 

The fact that these lines are nearly parallel and have almost 
unity slope shows that the period intermediate condition rela- 
tively the same for all pipes. The flows from the smaller pipes 
through the transition quicker than those from the larger ones. 
The actual differences heads between the beginning and end 
vary almost directly the diameter. 
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Plotting, logarithmic cross-section paper, 
diameters and heads which the law 

The lower line is for the change from weir to inter. 
mediate condition, and indicates the highest head 
for which the weir law is applicable, Tie equation 
for thtsline is: feet, inches.) 

The upper line is for the change from inter- 
mediate to jet condition, and indicates the lowest 
head for which the jet law is applicable. 

The middle line for the points intersection, 
that is, the common points ofthe weir and jet 
laws, The equation of this line ls: H =0.045 
(1 is in feet, D in inches.) 


3 
Diameters of Pipes, in inches 


Fie, 
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from Table were then plotted for each diameter (Plate XXVIII) 
logarithmic cross-section paper for the Pitot tube and sight- 
ing rods. The values were plotted ordinates and the 
values abscissas. Lines through these points gave equa- 
value taken from Table 

was not attempted fit any formula the intermediate 
condition. Tables, which are more practical value, were made 
out. 

Adjustment Formulas.—Using the general equation, 
the heads observed the individual experiments were 
substituted, together with the corresponding diameters. This com- 
puted quantity was compared with the observed quantity, and co- 
(by formula) 
(observed) 
coefficients for the weir and jet conditions each pipe 
were then computed. From these average coefficients was pos- 
sible adjust the formula give equation with the 
least mean error. All the points were considered except where 
there was clinging discharge, caused vacuum beneath the sheet 
water. This clinging discharge generally gives greater dis- 
charge for the same head. 

The formulas finally adopted are: 

For heads read with Pitot tube, 


efficients, were obtained. The averages these 


For heads read with sighting rods, 


cubic feet per second; and are feet. 

graphical representation the differences between the in- 
dividual experiments and the general formulas given Figs. 
and The maximum variations indicated this plotting 
and Table not represent the probable error expected 


using the general formula. The average departures for each 
pipe are given Table 
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FOUNTAIN FLOW-WEIR CONDITION. 
FOR HEADS OBSERVED BY PITOT TUBE ON CENTER. 
Plotting showing variations of quantities 

by Formula | from the observed quantities. 
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The calculated quantity is obtained by sub- 
stituting the observed head and the diameter 
of the pipe in the formula. 


Percentage 


Observed Heads. in feet, 
7. 
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TABLE 5.—Comparison GENERAL WITH 
RESULTS. 


For heads read with the Pitot tube center. 


AVERAGE VALUES Maximum DEPARTURE 

Diameter pipe, (OBSERVED) EXPERIMENT. 
in inches. 

Weir. Jet. Weir. Jet. 

0,961 1,010 — 6.6% — 8.9% 
1.081 1,008 +5.0 —9.5 
0.986 1,023 —3.9 —4.7 
1,029 1,001 + 8.8 — 0.9 
0.995 0,975 — 9.9 +4.0 

For heads read with sighting rods. 

0.915 1,020 — 9.8% — 5.8% 
1,046 0.999 11.8 —5.1 
1.071 1.027 16.8 — 4.6 
0 0.972 | 18.0 +63 


Comparison Results—In comparing the formulas obtained 
with the table prepared Professor Todd (mentioned previously) 
considerable variation was noticed. The table, which was based 
the theoretical jet formula, very inaccurate for low heads 
and slightly error for the higher heads. The lower the head 
for any pipe, the greater the error. particular case, the 
table gives results for head 0.5 in. 12-in. pipe, 900% 
the value obtained from the weir formula. The error decreases 
the head increases; but even the high heads the theoretical 
jet formula gives results which are too high. The theoretical 


Messrs. Elliot and Porter (mentioned previously) obtained for the 


weir condition, 2.11 for pipe 4.174 in. diameter. This 
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FOUNTAIN FLOW-JET CONDITION. 


FOR HEADS OBSERVED BY PITOT TUBE ON CENTFR. 
| Plotting showing variations of quantities 


by Formula 2 from the observed quantities. 


The calculated quantity is obtained by sub- 
stituting the observed bead and the diameter 


of the pipe in the formula. 
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diameter, substituted the general weir formula 
gives 2.25 This gives fair check the writers’ general 
formula. 

Diagram and Table for Practical Use XXIX 
diagram for obtaining the quantities, cubic feet per second, 
for heads from 0.02 in. ft., and for pipes from 
diameter. made logarithmic cross-section paper, and 
based the general jet and weir formulas. The lines for the 
intermediate condition are drawn exactly like the curves obtained 
the experimental plottings, and the points which begins 
and ends are obtained from the equations given. 

Table gives numerical values taken from this diagram. The 
zigzag lines separate the intermediate-condition values from the 
weir and jet values. 

Plate and Table are based measurements heads 
with the Pitot tube center. For sighting rods, similar dia- 
gram and table can readily made using Formulas and 

presenting this paper, the writers feel that 
considerable light being thrown hitherto unexplored sub- 
ject. While the jet formulas are well defined, there still room 
for experimentation the weir condition. 

has been pointed out that the hitherto existing knowledge 
very limited, and often leads inaccuracy. 

The heads obtained sighting rods, while giving large er- 
rors for low heads, give very good results for high heads. 
compared with the Pitot tube results, the heads are slightly higher. 

The Pitot tube gives very good results, especially for low heads, 
and can also used advantage the field. device 
which does not require very special knowledge for good results, 
and easily constructed. 

The Fountain Jet Measuring writers believe 
that fountain jet can used measuring device, and will 
come well within the limits accuracy most hydraulic meas- 
urements. When used for this purpose, the diameter should pref- 
erably such size form jet, which case very ac- 
curate results may obtained. 

general, measuring apparatus must adapted the ex- 
pected conditions. Thus, nozzle were made too large, and 
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FOUNTAIN FLOW WATER. 


FOUNTAIN FLOW-JET CONDITION 
FOR HEADS OBSERVED SIGHTING 


Plotting showing variations of quantities by 
Formula 4 from the observed quantities. 
The calculated quantity is obtained 
by substituting the observed head and the 
diameter of the pipe in the formula. 


3.0 3.5 4.0 45 5 0 
Observed Heads, in feet. 
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the flow through moved too slowly, the errors involved using 
for measuring device might considerable; for certain 
head over weir, there must proper height and length 
weir for the best results; Venturi meter must have its ratio 
contraction depending the range velocities the pipe 
line. 

fountain jet with sighting rods, with Pitot tube, 
exceedingly simple and cheap measuring device for the discharg- 
ing end pipe line. Any form Pitot tube having coefficient 
unity may used. The form used the writers very 
easily constructed, and answers the purpose admirably. Adequate 
sighting rods are available almost anywhere. 

using the formulas given, the diagram, 
(Plate XXIX), Table may remarked that the writers’ re- 
sults (see Table and Figs. and indicate that the average 
accuracy expected for any particular pipe measurements 
fountain flow with the jet condition, using either sighting rods 
the Pitot tube, within the truth. For the weir condi- 
tion, the average accuracy with the Pitot tube within per 
cent. The sighting rods give maximum average error 10% 
for the weir flow. single measurement fountain flow 
either these means cannot considered reliable within twice 
the above stated maximum average errors. 


PLATE 
TRANS. AM. SOC. CIV. 
VOL. No. 1035. 
LAWRENCE AND BRAUNWORTH 
FOUNTAIN FLOW WATER. 


DISCHARGE DIAGRAM FOR 
FOUNTAIN FLOW FROM VERTICAL PIPES. 
BASED ON THE FORMULAS: 
Heads Read with Pitot Tube Center. 
For Heads Read with Sighting Rods, use: 
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TABLE from page 


DIAMETER OF PIPE, IN INCHES. 


0.1000 0.4080 0.6400 0.9260 
0.4160 0.6510 0.9410 
0.4225 0.6620 0.9580 
0.4295 0.6720 0.9620 
0.1066 0.4855 0.9870 
0.1088 0.2455 0.4420 0.6930 
0.1115 0.4555 0.7130 1,082 
0.1130 0.2560 0.4615 0.7230 1,046 
0.1147 0.2590 0.4675 0.7320 
0.1161 0.2627 0.4740 
0.1176 0.2660 0.4800 0.7520 
0.2695 0.4865 0.7620 
0.2780 0.4920 0.7710 
0.1220 0.2760 0.4980 0.7800 1.126 
0.2792 0.5040 0.7900 1.140 
0.1248 0.2825 0.5100 0.7990 
0.2860 0.5150 0.8070 1.166 
0.1275 0.2886 0.5220 0.8180 1.179 
0.1290 0.2920 0.5270 0.8250 1.190 


& 
b 


297 
| 
| 


FOUNTAIN FLOW 


298 


TABLE 6.—(Continued from page 299). 


0.0605 
0.0682 0.1426 
0.0657 0.1485 
0.0681 0.1540 
0.0704 0.1595 
0.0727 0.1645 
0.0750 0.1699 
0.0794 0.1795 
0.0814 0.1841 
0.0854 
0.1976 
0.0912 0.2062 
0.0949 
0.0983 


0.2469 0.3870 0.5600 
0.2576 0.5830 
0.2680 0.4200 0.6080 
0.2779 0.6300 
0.2876 0.4500 0.6520 
0.2970 0.4655 
0.3065 0.4800 0.6950 
0.3155 0.4945 0.7150 
0.3240 
0.3325 0.5210 0.7530 
0.3410 0.7720 
0.3490 0.5470 0.7900 
0.3570 0.5590 0.8080 
0.3650 0.5710 0.8260 
0.3720 0.8430 
0.3800 0.5950 0.8600 
0.3870 0.6070 0.8780 
0.3945 0.6190 0.8940 
0.4015 


1.0410 1.640 
1.082 1.701 
1.160 1.765 
1.200 1.886 
1.947 
1.275 2.000 
1.325 2.060 
2.110 
2.165 
1.441 
1,505 2.365 
1.588 2.415 
1.566 2.463 
2.507 
1,625 


DIAMETER OF PIPE, IN INCHES. 


3.575 
8.705 


3.380 
3.510 
3.980 
4.200 
4.300 
4,400 
4.505 
4.600 
4.700 
4.800 
4.890 
4.970 
5.065 


4.085 
4.44 
4.60 
4.765 
4.915 
5.07 
5.21 
5.36 
5.50 
5.68 
5.77 
5.90 
6,08 
6.17 
6.405 
6.515 
6.64 


5.20 
5.42 
5.64 
5.86 
6.25 
6.45 
6.81 
7.00 
7.34 
7.51 
7.67 
7.83 
8.00 
8.15 
8.30 
8.45 


6.41 
6.70 
6.97 
7.22 
7.48 
8.20 
8.41 
8.63 
8.86 
9.06 
9.27 
9.48 
9.69 
9.88 

10.06 
10.48 


9.26 
9.67 

10.80 
11.14 
12,15 
12.46 
12.80 
13.08 
13.40 
13.67 
13.99 
14.52 
15.05 


| 
| a o uo ua o o — — ~ x wo wo w wo | 
| 
| 
| | 


TABLE from page 300). 


DIAMETER OF IN INCHES. 


0.0788 0.1425 0.5750 1.810 
0.0860 0.2483 0.6270 1.429 
0.0400 0.0908 0.1684 0.2559 0.6600 
0.0989 0.1785 0.2795 0.4050 1.185 1.642 
0.0455 0.1087 0.2910 0.7500 
0.0472 0.1065 0.7780 1.778 
0.1995 0.8125 0.4520 0.8050 
0.0504 0.1140 0.2060 0.8220 0.4670 0.8805 
0.1241 0.8515 0.5080 0.9060 
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300 


0.0129; 


0.0158 
0.0162 
0.0182 
0.0201 
0.0218 
0.0278 


TABLE 6.—(Continued from page 301). 


0.0454 
0.0497 
0.0529 
0.0562 


DIAMETER OF PIPE, IN INCHES. 


0.0892 0.0564 
0.0623 
0.0458 0.0677 
0.0723 
0.0517 0.0769 
0.0544 0.0810 


0.0740 0.1410 
0.1510 


0.0981 0.2000 


0.2220 
0.2510 
0.2290 0.2810 
0.2550 0.3120 
0.2800 0.3430 


0.1123 0.1841 0.3070 


0.1185 0.1965 0.2610 


0.0892 0.1245 0.2090 


0.2208 0.3000 
0.1259 0.2323 0.3180 
0.3360 


0.0892 
0.1019 0.1591 
0.1688 


0.4800 
0.5890 
0.4785 0.7520 


0.4080 


0.5600 0.7080 
0.6620 
0.7500 0.9900 
0.8320 
0.9180 1.190 
0.9750 1,291 
1.468 


1.773 


2.155 
2.313 


0.849 1.08 
0.967 
0.987 1.10 1.87 
1.52 
1.59 2.00 
1.49 1.72 1.94 2.16 
1.60 1.8 
2.49 
1.87 2.40 
2.49 2.84 3.52 
8.12 4.45 
4.97 5.45 
4.50 5.20 
5.85 7.58 
5.98 6.95 6.82 
7.90 
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TABLE 6.—DIscHARGE, 


Heads from 0.02 ft. 


0.0112 

0.0807 
0.0162 0.0840 
0.0875 


0.0520 0.0785 0.1250 0.1518 0.181 0.208 0.243 0.875 0.440 0.504 0.717 
0.0198 0.0817 
0,0102 0.0209 


0.0105 0.0219 0.0856 0.0504 
0.0108 0.0229 0.0876 0.0534 


FEET PER SECOND, FOR FoUNTAIN FLOW FROM VERTICAL 


. Weir condition above single 
Intermediate condition be- 
tween the two dotted lines. 
Jet condition below dotted 
double line. 


From Formulas and and Intermediate Condition. 


DIAMETER OF PIPE, IN INCHES. 


0.0142 0.0179 0.0226 0.0278 0.0381 0.0443 0.0552 0.0688 0.0802 0.0920 0.1080 0.1240 

0.0236 0.0301 0.0371 0.0440 0.0501 0.0588 0.0787 0.0913 0.1070 0.1210 0.1480 0.1640 0.1780 
0.0158 0.0240 0.0296 0.0470 0.0550 0.0630 0.0735 0.0920 0.1140 0.1340 0.1550 0.1790 0.2080 0.2230 
0.0194 0.0466 0.0573 0.0674 0.0775 0.0905 0.1120 0.1390 0.1640 0.1890 0.2180 0.2540 0.2720 
0.0848 0.0452 0.0555 0.0680 0.0800 0.1070 0.1660 0.1940 0.2230 0.2580 0.3010 0.3240 
0.0269 0.0501 0.0644 0.0790 0.1070 0.1250 0.1550 0.1920 0.2240 0.2620 0.3010 0.8510 
0.0465 0.0574 0.0741 0.0905 0.1060 0.1220 0.1420 0.1770 0.2200 0.2590 0.2980 0.3430 0.4020 0.4310 
0.0526 0.6650 0.0836 0.1030 0.1210 0.1620 0.2010 0.2500 0.2940 0.457 0.491 
0.0390 0.0590 0.0732 0.1150 0.136 0.156 0.227 0.467 0.507 
0.0433 0.0650 0.0800 0.1040 0.1278 0.151 0.172 0.201 0.250 0.310 0.422 0.484 0.568 0.610 
0.0475 0.0720 0.0898 0.1141 0.1401 0.166 0.189 0.221 0.276 0.402 0.464 0.585 0.620 0.669 


0.0567 0.0855 0.1070 0.1260 0.1665 0.197 0.226 0.265 0.330 0.406 0.480 0.550 0.681 0.802 
0.0608 0.0925 0.1150 0.216 0.244 0.287 0.357 0.440 0.520 0.595 0.688 0.796 0.870 
0.1230 0.1580 0.230 0.262 0.310 0.384 0.473 0.559 0.642 0.940 
0.1067 0.1700 0.245 0.281 0.412 0.506 0.600 0.684 0.794 0.920 1.008 
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DISCUSSION. 


(by letter) writer has examined this 
paper with great interest, and cannot congratulate the authors too 
highly for the great care with which they have conducted their ex- 
periments, and the ingenious precautions they have devised order 
eliminate all causes error. 

view the particular question which they have investigated, 
their work valuable, and the results will certainly form basis 
for much theoretical study. 

this time, the writer has not the leisure devote himself 
this study, but, from single reading the paper, thinks that the 
results these experiments seem deviate very little from those 
given certain formulas with very simple exponents, such 
for weir-flow, and for jet-flow formulas, the correct- 
ness which, without doubt, would easily proved abstract 
theory. The differences are such are admitted, ordinarily, 
questions which absolute accuracy seldom attempted. The 
writer regrets greatly that not able, this time, make 
comparison these formulas and observations, which would per- 
haps instructive. 

useful addition the data for gauging water under certain condi- 
tions without resorting expensive appliances. 

The point which rather limits its convenience the necessity 
having ft. vertical pipe below the outlet establish 
uniform vertical flow. This difficulty does not arise the case 
discharges from Artesian wells, inlets service reservoirs, 
which are usually more than ft. deep, and would often easy 
adopt the system the supply pipes sewage and water-supply 
filter beds. The form the outlet quite simple, and easily re- 
produced with accuracy, which essential feature with gauging 
appliances. 

Other instances where further experimental study might lead 
useful results might mentioned, for example, the border line be- 
tween weir flow and orifice flow the case discharge through 
large rectangular, vertical orifices which are not always submerged. 

Another matter, connection with experimental studies this 
kind, the limitation imposed having measure the whole flow 
into tank which must have (for accurate work) capacity 
min. flow, more. This. generally fixes the largest flow used,. but 
the writer has found experience that not difficult con- 
struct weir which, although unsuitable for exact gauging pur- 
poses itself, serves spread out the stream uniform man- 


Inspecteur-Général, Ponts Chaussées. 
Associate Member, Institution Civil Engineers. 
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ner that exactly known proportion can diverted into measur- Mr. Thrupp. 
ing tank through trough. this means the scope experiments 

can largely increased without requiring huge measuring tanks 

weirs with large approach channels which take long time 

settle down uniform conditions flow for each observation. Ex- 
perimenters will soon appreciate the saving time and expense 

rendered possible this plan. 

Frank German, Assoc. Am. Soc. (by letter).—The Mr. Getman. 
writer has often found himself need some simple method for 
measuring the flow Artesian wells which would 
the field and give fairly accurate results. 

1903 when engaged sinking Artesian wells Ithaca, 
Y., the writer had hand good weir box, measure the dis- 
charge the wells, and took measurements the head over the 
edge the pipe order check the results the table prepared 
Professor Todd, but was found that the quantities shown 
that table were worse than useless. Desiring find formula 
which the discharge from vertical pipe could computed, the 
head over the edge being known, the writer made inquiries the 
hydraulic laboratory Cornell University, but was informed that, 
with the exception the work Professor Todd, little was known 
the subject. Church, Assoc. Am. E., however, sug- 
gested that with low heads, when the water left the edge the pipe 
smooth sheet, the pipe might considered circular weir 
discharging under head equal the head over the edge the 
pipe measured the center. Further inquiry, through letter pub- 
lished News, failed elicit any information ex- 
cept reference Professor Todd’s tables, one for heads 
vertical pipe, and one for wells discharging through horizontal 
pipe measuring vertical and horizontal co-ordinates from the end 
the pipe the center the discharged stream. 

The writer’s measurements were limited six 6-in. wells, with 
heads varying from in., the first four which came 
under the weir condition, and the fifth and sixth under the inter- 
mediate condition, deduced Messrs. Lawrence and Braun- 
worth. Well No. the flow was light that the water sheet clung 
the sides the pipe, giving condition which was not weir 
flow. 

The daily delivery these wells ranged from about 40000 
more than gal. per day, presenting fair field for compara- 
tive results. 

The head the pipe was measured holding saw blade 
sheet strong paper—always obtainable the field—diametrically 
across the pipe the water column, and noting the maximum 
height marked the water. The discharge the well was then 
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Mr. Getman. led into the weir box, which was better one than usually obtain- 
able for field work, being ft. long and ft. wide, and provided 
with two baffle boards and 12-in. rectangular weir with steel knife- 
edges. 


TABLE DIFFERENT METHODS 
COMPUTING THE FLOW FROM ARTESIAN WELLS. 


CUBIC FEET PER SECOND, 
j By DIrFERENT METHODS. 
:| ON EDGE OF ON 
2| 6 0.0625) |0.0885 0.08775) 0.3880 0.08203 0.0987 0.09389 
4; 6); 2 |0.1667) |0.1979 0.29338) 0.6433 0.35544 0.3511 0.38216 
0.1979, 2 0.2396 0.39100) 0.6965 | 0.46063 0.48254 0.41540 
Well the water clung the sides the pipe; all other wells the sheet 
flowed free. 


TABLE 8.—ERROR, METHODS COMPUTING THE FLOW FROM 
ARTESIAN WELLS, EXPRESSED PERCENTAGES THE FLOW 
SHOWN THE WEIR. 


(I) (II) (V) 
Well | By B B 
| D» 29 71-29 
2 0.00% w% — 6.5% 12.6% 7.0% 
6 0.00% | + 73% 18.8% + 5.9% + 4.9% 


Tables and show the discharge the six wells, cubic 
feet per second, computed the different available methods. 
Table Column gives the delivery shown the weir, 
which would satisfactory for measurements were always 
available and the apparatus were less cumbersome for field ob- 
servations; Column gives the quantities deduced from Professor 
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Todd’s table; Column III gives the delivery computed consider- Mr. Getman. 
ing the edge the 6-in. pipe weir with length equal the 
circumference, 1.57 ft.; Column gives the quantities taken 
interpolation from the authors’ Table which based the 


formula 8.8 for heads measured with Pitot 
tube; and Column gives the quantities computed 
formula, 8.8 which was adapted heads taken 


rod readings, probably resembling the way which the writer 
measured the heads the wells. 

Table shows the errors the different methods, expressed 
percentages the flow indicated the weir measurements, 
being assumed that this sufficiently accurate method 
adopted standard. Professor Todd’s tables, the results 
range error from 457% for the lowest head 73% for the 
highest head. His tables contain data only for pipes in. 
diameter, but statement made that for larger pipes the flow 
proportional the square the diameter, the area. Probably 
part the error due this supposition for larger pipes, but 
the fact remains that the method erroneous that the writer 
must preclude from use for all heads. 

considering the pipe circular weir, the errors range from 
per cent. This very simple method, and avail- 
able for field use, Francis’ weir formula tables are always 
hand. The percentages, for the heads considered, compare well with 
those other methods, but, course, would applicable only 
the weir condition. 

the formula for heads measured with the Pitot tube, although 
this formula not strictly applicable for heads observed direct 
measurements, the errors are interesting, they range from -++ 
4%; while the errors for the formula designed for heads meas- 
ured rod readings, the best method for use with these heads 
observed, vary from per cent. 

course, the writer’s observations were limited and rough, 
compared with the careful and extensive work Messrs. Lawrence 
and Braunworth, but they may interest judging the value 
the authors’ formula applied those who utilize the field. 

writer feels that this paper value, not only because its defi- 
nite and comprehensive information, well presented, but also 
because its suggestiveness other investigations benefit 
hydraulie 

practice there arises times the desirability providing 
measuring weir with very short approach channel, account 
restricted space horizontally. Usually, such cases, there ample 
room vertically. 


Mr. Schoder. 


Messrs. 
Lawrence and 
Braunw orth. 
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The question comes: Why not let the water approach the weir 
vertically instead horizontally, the case where long 
approach channel provided 

The usual weir formulas probably would not apply. series 
experiments determine the laws flow order 
take the matter out the realm speculation. The effects 
various arrangements baffle partitions should studied. 

the authors’ paper appears that for vertical pipes with 
weir flow the discharge varies about the 1.3 power the head. 
This compared with the 1.5 power that applies weirs with 
horizontal approach. Some analogous modification may expected 
cases where the water approaches straight, level, weir crest 
vertically. 


Messrs. Lawrence anp (by letter).— 
regard to,the percentage errors computed Mr. Getman, will 
noted that all his results are too high. course, Well No. 
Mr. Getman’s experiments, would have excluded because the 
flow with clinging discharge subject different laws from 
free sheet weir flow. his experiments the heads were read 
noting the maximum height reached sheet paper saw 
blade. the writers have pointed the maximum height 
should not taken the head over the pipe, because the water 
reaches that height, stays there comparatively short time, and 
then drops. The time element must considered reading 
head, that is, the head selected should the one which the water 
stays the longest time, thus representing average head. 

Supposing that the heads Mr. Getman’s experiments are too 
high, can seen that the percentage errors his results would 
necessarily too high. these errors are positive, and reduc- 
tion each would bring the average well within practical limits. 

For field work, the absence carefully made and finished 
Pitot tube, and when the heads are too low admit accurate 
sighting, the writers would recommend constructing tube from 
any available piping. The end the tube could closed and 
small hole drilled the side near the end. piece rubber tubing 
fastened the other end the pipe would answer for gauge 
simply raising the end until the water just reached the top, and 
noting the difference elevation between the pipe crest and the 
top the tube. 

conclusion, the writers wish express their appreciation for 
the interest taken the subject and for the valuable suggestions 
contained the discussions. 
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WORKS FOR THE PURIFICATION THE 
WATER SUPPLY WASHINGTON, C.* 


Horton, Joun Grecory, 

ALLEN Hazen Harpy. 

sand filtration plant for the the public water 
supply Washington, C., has recently been put service, 
and present about 70000000 gal. water per day are being 
treated. 

The following account the steps leading the 
construction this plant, and description some the more 
important and novel features its construction and operation. 


GENERAL ARRANGEMENT THE 

For the last fifty years the water supply Washington has 
been obtained from the Potomac River Great Falls, about 
miles above the city. this point the water has low-water 
elevation 150.5 ft. above mean tide. 


Presented the meeting November 7th, 1906. 
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Aqueduct.—The water flows through aqueduct with slope 
0.00015 (or in. per mile), and ft. diameter, but some 
unlined tunnel sections through hard rock are larger. There are 
many interesting structures the line the aqueduct, among 
them the Cabin John Bridge, until recently the masonry 
arch existence. 

The water passes through two reservoirs before reaching its 
present terminus the Washington City Reservoir. These two 
reservoirs have by-passes, but usually all the water flows through 
them. The aqueduct under slight pressure, the level the water 
being much ft. above its top; the hydraulic slope, 
therefore, usually differs from, and less than, the actual slope 
the masonry. must have been the original intention use 
the aqueduct this way, for the flow lines the reservoirs are 
some feet above the top the aqueduct. 

first reservoir, miles below Great Falls, 
known the Dalecarlia Reservoir, was formed damming 
natural valley. irregular shape, and comparatively shal- 
low. The second, Georgetown Reservoir, miles from Great 
Falls, built with embankments hillside, rectangular 
plan, and fair depth. The city was supplied for long time 
pipes leading directly from the Georgetown Reservoir. The 
aqueduct and these two reservoirs were constructed General 
Meigs forty-five years ago. 

More recently, tunnel has been constructed from the George- 
town Reservoir central point the city near Howard Uni- 
versity, and third reservoir, called the Washington City Reser- 
voir, has been built its terminus. This tunnel ft. long, 
generally ft. diameter, lined throughout, and the shape 
deep inverted siphon. Under Rock Creek 170 ft. below 
the grade, and therefore under corresponding pressure. 
This portion has inner lining flanged, cast-iron plates, filled 


with concrete, and smaller diameter. 

The capacities the three reservoirs, from their bottoms 
their nominal flow lines, are approximately 150 000 000, 150 000 000 
and 300000000 gal., respectively, making total storage capacity 
600000000 gal. the reservoirs cannot filled their flow 
lines when the full capacity the aqueduct used, and cannot 


PLATE XXX. 

TRANS. AM. 80C. CIV. ENGRS. 
VOL. LVI. No. 1036. 
HAZEN AND HARDY ON 
WATER FILTRATION 
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drawn their bottoms, only part this, roughly estimated 
300000000 gal., can utilized. 

Capacity the Aqueduct.—The most reliable information 
the capacity the aqueduct from Great Falls the city was 
obtained series current-meter observations made Cap- 
tain (now Major) Gaillard 1897, after raising the dam Great 
Falls and thoroughly cleaning the aqueduct. found that with 
the water Great Falls the crest the dam, reconstructed 
Elevation 150.5, and with the water the Georgetown Reser- 
voir 144, somewhat below the level which has been 
usually carried, water would flow through the aqueduct the rate 
76500000 gal. per day. 

When the difference the water levels less, that say, 
when the water the distributing reservoir higher, the carry- 
ing capacity the aqueduct reduced; but, the other hand, 
with the reservoirs the city drawn below their usual levels, 
and with the water Great Falls higher, the carrying capacity 
considerably increased. 

For practical purposes has been considered that 
gal. represents the full carrying capacity the aqueduct, this 
the largest quantity which can drawn without reducing the 
water levels greater extent than has been thought advisable. 

Since the filters have been operation the quantity water 
passing through the aqueduct has been known with accuracy, and 
from these records the resistances the different parts the 
aqueduct and tunnel are known with greater accuracy. The results 
check substantially Major Gaillard’s work and the fur- 
ther computations based upon which have been used for esti- 
mating the discharge the interval. 

High and Low greater part Washington was 
supplied with water from the Georgetown and Washington City 
Reservoirs gravity the time when the filters were put 
service. The pressures obtained this way were less than 
usually considered desirable modern cities. Most the build- 
ings Washington, however, are comparatively low, and, with 
ample pipe capacities, reasonable supply for fire-engines and for 
domestic purposes has been maintained. 

The higher portions the city are supplied from two high- 
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service reservoirs. Water pumped these from the low-service 
pipes. pumping station Street was used for this purpose 
for many years, and has recently been superseded the new and 
ample pumping station Trumbull Street, near the Washington 
City Reservoir. 

Quality the River Water—The Potomac River 
Falls has drainage area approximately 11043 sq. miles. The 
most important cities and towns upon its water-shed, with their 
populations for the last three censuses, and the rural populations, 
are given Table 


TABLE THE WATER-SHED THE River. 
Drainage area Great miles. 


Approximate 
| | distance above 
Place. County. State. Great Falls, 
| | | | 
Urban: Places more than 
Frederick ......... Frederick ; . 45 | § 659 | 8 198 Q 
Hagerstown.. .| Washington 6627 | 10118 | 18591 
Martinsburg ......| Berkeley 6 335 226 7 564 
Winchester ... |Frederick 109 | 4958 5 196 5 161 
Total population, towns having more than 4 000 inhabitants....| 52701 65915 79568 
Places having from 1 000 to 4 000 inhabitants..................... 23087 271538 87528 


Population per square mile, places having more than 000 in- 


Places having from inhabitants 2.1 2.4 3.4 
Rural population per square 34.9 36.8 38.0 
Total population per square 45.1 


The total population, and especially the urban population, 
small comparison with that upon many water-sheds used with 


filtration for public water supplies. The sewage pollution the 
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water, therefore, not great total amount, but the conditions 
seem have been favorable for the transmission infection, for 
the typhoid rate Washington has been high, and times, 
least, has followed the prevalence the disease the towns upon 
the water-shed. 

The Potomac water rather muddy. The amount sediment 
carried it, average, many times greater than that carried 
the rivers New England and the sandy glaciated regions 
the Northern United States. the other hand, the sus- 
pended matters are much less amount than most southern 
streams. Probably, average, they not amount more than 
one-fourth the quantities carried the Ohio River Louis- 
ville, more than one-twelfth those carried the Missouri 
its mouth above St. Louis. 

The amount suspended matter carried the water fluctuates 
widely. There are periods, sometimes lasting for months, when the 
Potomac water comparatively clear. other times the water 
excessively turbid, and times very turbid water flows continu- 
ously the river for week more. these times the water 
may approach the condition the Ohio and Missouri waters, al- 
though the duration the turbid periods less. 

The muddiness the Potomac water and its pollution sew- 
age, and consequently its disease-producing qualities, have alike 
contributed its bad reputation and desire for improved 
water supply. 

Investigations for early 1894 the late Colonel 
George Elliott proposed the filtration the Potomac River 
water mechanical filters, and made rough estimate cost. 
1899 appropriation $3000, afterward increased 000, 
was made, investigate experimentally the filtration the Po- 
water, and cover the expense making report upon its 
advantages and cost. 

Acting under this authority, the late Lieutenant-Colonel 
Miller, Am. Soc. E., then charge the Washington 
Aqueduct, organized and conducted series experiments with 
sand and mechanical filters, examined possible sites, and made 
preliminary plans and estimates cost. conducting these ex- 
periments Colonel Miller was assisted the experimental work 
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Weston, Assoc. Am. Soc. E., while Mr. Hardy, 
one the writers, also investigated the possible locations for filters, 
and made preliminary designs and estimates cost. 

Colonel Miller’s investigation was the first determine ac- 
curately and adequately the character the Potomac water with 
reference the possibilities its purification; and, among many 
other interesting results, served demonstrate: first, that the 
water could not filtered successfully sand filters without the 
use coagulant; and second, that the water could coagulated 
readily and successfully, and that when coagulated satisfactory ef- 
fluents could obtained from with mechanical filters. Colonel 
Miller recommended the establishment mechanical filters. 

The matter being before Congress, protest was made the 
Medical Society the District Columbia. The doctors were 
opposed the use coagulant, and believed that better and more 
certain results, particularly from hygienic standpoint, could 
obtained the use sand filters without coagulant. The con- 
tention the Medical Society seemed irreconcilable with Col- 
onel Miller’s findings. 

obtain further information upon the points issue, the 
Senate Committee the District Columbia, which the late 
James McMillan was Chairman, gave hearing New York City, 
which many persons interested experienced filtration were 
present, and were questioned the various matters. 

Following this, the matter was referred the Senate Commit- 
tee Rudolph Hering, George Fuller and Allen Hazen, Mem- 
bers, Am. Soc. E., for report the best method fol- 
lowed. This engineering committee had but short time for its 
work, Congress was about adjourn, and immediate action was 
desired. The ground was canvassed the committee rapidly, and 
recommendation made that sand filters should used, but that 


the Potomac water should receive preliminary chemical 
ment those times when was such character that after 
sedimentation alone was incapable yielding satisfactory ef- 
fluent. This recommendation thus met substantially the con- 
tentions both parties. was estimated from the records the 
Washington Aqueduct that would necessary treat the water 
this way, average, about days the year, and that 
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during the remainder the time the water could filtered with- 
out such 

This recommendation was adopted the Senate Committee, 
but, the doctors still objected the use coagulant, the ap- 
propriation was made for the construction sand filters, without 
authority for its use. This was done with the understanding that 
the appliances for using coagulant could put equally well 
later date, and that failure authorize them that time 
would not delay the introduction filtered water. 

Selection Site for Filters—After Congress had appropriated 
the money for the construction sand filters, Board, composed 
Colonel Miller, Major Beach and Major Gaillard, was appointed 
Brigadier-General John Wilson, Chief Engineers, 
Army, select site. One site was considered near the line 
the aqueduct and between and the Potomac River, about miles 
below Great Falls. second site was considered near Brightwood 
Avenue, adjacent and north the Washington City Reservoir. 
The third site considered was between the Washington City Res- 
ervoir and North Capitol Street and between the Soldiers’ Home 
Grounds and Cincinnati Street. This last site was selected. 
was far the most difficult and expensive site upon which build, 
but seemed utilize more fully the existing plant, and was, 
moreover, central location. 

Preparation for filters upon this site were 
undertaken Colonel Miller, assisted Lieutenant (now Cap- 
tain) George Hoffman, and one the writers, Mr. Hardy. 
Considerable progress was made, and set plans was prepared. 
Afterward, further consideration certain matters led the 
withdrawal plans, and the preparation revised set 
differing somewhat from the earlier ones. Both the writers were 
engaged upon these revised plans, under the direction Colonel 
Miller, and assisted Lieutenant (now Captain) Wooten, 
(from Mr. Hazen’s office), and assistants Colonel Miller’s 
office. 

and specifications for the more important 
parts the works were completed December, 1902, and adopted; 
and proposals were received under them January, 1903. 
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The prices bid these proposals somewhat exceeded those 
the preliminary estimate upon which the appropriation had been 
based, and all the proposals were rejected. Shortly afterward, 
Congress appropriated additional sum, and proposals were again 
invited. result, contract for about one-half the work, com- 
prising most the masonry structures, earthwork, grading, 
was awarded Cowardin, Bradley, Clay and Company; contract 
for the piping, drainage and some other parts, the Brennan Con- 
struction Company; and contract for the filter sand and gravel 
Smoot. 

Under subsequent proposals, contracts for pumping machinery 
were awarded Henry Worthington; for boilers, Babcock 
and Wilcox Company; for valves, the Coffin Valve Company; 
for Venturi meters, the Builders’ Iron Foundry; for special 
castings, the Wilkinson Manufacturing Company; for sand 
washers, the Norwood Engineering Company; and for sand 
bins, Rudolph Blome and Company. Many smaller contracts 
were let from time time. 

addition the work done contract, considerable was 
done day labor. Many the concrete foundations were built 
this way, well the regulator-houses, pumping-station, and 
laboratory and office buildings. 

General Plan the Works.—The filters are immediately adja- 
cent the Washington City Reservoir, and have greater eleva- 
tion. Water lifted from the reservoir the filters, the lift 
ranging from about ft. when the reservoir full, ft. 
even more when the water drawn down. Water pumped direct 
the filters, and flows from them through regulator-houses 
pure-water reservoir holding about 14000000 gal., and with flow 
line ft. above that the Washington City Reservoir. The waste 
drainage general taken the sewers the District 
Columbia, but arrangements have been made that that part 
the waste which good better quality than the raw water 
can returned the Washington City Reservoir, thereby saving 
and adding, that extent, the net capacity the aqueduct. 

Officers Charge.—The late Colonel Miller was 


charge the work from its inauguration until his death, September 
18th, 1904. Captain Wooten was direct charge the 
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work under Colonel Miller’s direction, and succeeded him tempor- 
arily. Colonel Smith Leach took charge the work Novem- 
ber, 1904, Captain Wooten remaining direct charge the filter 
plant. August 1905, Lieutenant-Colonel Hoxie, 
Am. E., succeeded Colonel Leach charge the work. 
Lieutenant Dent was assigned the work, and succeeded 
Captain Wooten direct charge the filters May 10th, 1905. 
Captain Spencer Cosby, Am. Soc. E., succeeded Colonel 
Hoxie December, 1905, and now charge. 

One the writers, Mr. Hardy, First Assistant Engineer, 
and afterward Superintendent Operation, has been connected 
with the work from its inauguration the present time. The other 
writer, Mr. Hazen, was connected with the preliminary investiga- 
tion, above mentioned, and with the preparation plans and other 
matters connected with it, Consulting Engineer, for nearly the 
whole period. 

Work. 


The construction the work general shown the plans 
and photographs which accompany this paper. 

Masonry.—All the masonry structures are concrete, and the 
general design follows closely the lines the Albany filters.* 

The floors are inverted, groined arches, carrying piers with 
slight batter near the bottom. The walls are concrete, built 
sections not exceeding ft. long, the joints being tongued and 
grooved. The roof elliptical, groined arehes, much like those 
Albany, but with deeper cut over the piers, that the ayerage 
thickness the roof only 0.61 ft., saving 14%, compared 
with Albany. 

The tongued and grooved joints the walls were made 
fastening plank the forms for the ends the wall blocks first 
built. This formed groove. The tongue was formed when the 
second block was built. Generally, the tongues had slight batter 
and were least three times wide long, prevent them from 
breaking off when movements occurred. 

Parapet walls were built over the outside walls along the courts, 
order save space. Generally, better cover all the 
masonry with embankments, but this case the site was limited 


* Transactions, Am. Soc. C. E., Vol. XLITII, p. 244. 
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area that the space which could saved had value more than 
equal the concrete the parapet walls, and the extra thick- 
ness the walls below, which was necessary connection with 

Generally, the outside wall acts simply beam bearing 
against the floor blocks and the roof blocks, and holding the earth 
pressure. The embankments beyond the walls serve support 
them and take the thrust the vaulting (amounting 4000 
per lin. ft.), well the pressure from the filtering materials 
and the water inside the filters. 

some cases, owing the limited space, was not possible 
build embankments thick enough take these pressures safely, 
and these points the thickness the concrete was increased. 
was increased little where the embankment fell only somewhat 
below the standard, and much more where the embankment was 
more deeply cut. few cases the concrete was made thick 
substantially stable without earth backing, and the embank- 
ment was cut until barely sufficed cover the masonry. 

places where the tops the filters are lower than the levels 
the adjacent street, the building lines the filters were put well 
the street lines, that the embankments required for the 
street extended somewhat over the tops the filters. one place, 
where the street much higher than the filters, the fill over the 
filters was considerably and this case number 
ventilator manholes were omitted, and the dimensions the piers 
and vaulting were increased carry the additional load safely. 

Settlement Masonry interesting feature 
the masonry work was caused the settlement parts the 
work. The highest part the site was ft. vertically above the 
lowest part. This was all graded allow the filters the 
same level. The maximum depth cut was ft., and the maxi- 
mum height fill ft. Approximately, acres masonry struc- 
tures were built upon fill. The filling was made with material 
obtained the excavation, which was generally gravel mixed with 
clay. The material was excellent, and would have been difficult 
secure anything better for the purpose. was placed thin 
layers, and rolled thoroughly with heavy, grooved, steam rollers. 
Embankment built this way was harder, tested the distance 
that iron bar would penetrate, than the natural undisturbed 
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material below the frost line, and seemed be, every way, 
capable carrying the loads placed upon it. 

Notwithstanding this, the masonry, wherever was built upon 
fill, settled more less. maximum, the settlement reached 
about in. 

The most serious break caused settlement occurred the 
entrance Filter No. 27. One side this entrance was undis- 
turbed material. The natural slope the ground this place 
had been steep. short distance one side, the masonry was 
constructed deep deposit fill, most which had been made 
prior the acquirement the property the Government. This 
material seemed solid, but there must have been soft layer 
beneath, for in. took place one part it, and 
this maximum settlement was within distance about ft. 
undisturbed material which did not settle all. The inequality 
settlement was too great for the masonry adapt itself to, and 
number large cracks opened and one section the vaulting 
fell. This happened shortly after the filter was filled with water for 
the first time. The settlement took place rapidly, and, other 
cases, seemed come definite end short time. One section 
the vaulting and four piers were rebuilt. The replaced section 
vaulting was the inclined entrance, and the general weakness 
the structure this point, will mentioned further, was 
contributing cause the unusual damage sustained. few 
other cases cracks the masonry were produced this settle- 
ment. Generally, however, the movement only caused openings 
the tongued and grooved joints the wall blocks, and slight 
readjustments the floor and vaulting blocks. few the 
largest cracks were grouted. Smaller ones were caulked with 
oakum, which had the advantage leaving them that further 
movement would produce damage the concrete. The openings 
between the floor and vaulting blocks were seldom large enough 
permit caulking, and nothing was done them. 

The greatest settlements were where the grading, with reference 
the use the land for building purposes, had been done before 
the property was purchased the Government. Some this 
grading had been done years before. The fills made this way 
were general excavated, the course the work, the original 
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surface, and refilled with embankments made above described, 
before the masonry was placed, but some cases was difficult 
tell just where the old surface had been. other places where 
had been under heavy loading deep fill, seemed 
solid and little likely settle the original material, and such 
places were left intentionally, was believed that they were 
sufficiently solid carry the loads placed upon them. 

difficult, rather impossible, determine from the old 
records just how much this old filling was left place. 
known that there was considerable it, and the greatest settle- 
ment seems have occurred over those places where was deepest. 

some places the filters were built in. higher than the 
intended grade, approximate more nearly the desired con- 
ditions after settlement. The settlement the masonry does not 
any way affect the stability usefulness the plant. The 
greatest practical inconvenience comes from the differences level 
the filters resulting from it. 

Cracks filter provided with inclined 
entrance. Such entrances have been used other covered filters, 
and are designed facilitate carrying sand and out. With 
the system sand handling adopted Washington, they will not 
ordinarily used for that purpose. They simply serve reserve 
which can used case the sand-handling apparatus fails per- 
form its work. 

The line travel these entrances passes necessarily through 
the plane the vaulting, and the vaulting raised over them. The 
concrete structures built this point are larger and heavier than 
the normal vaulting, and are intended strong enough meet 
the extra strains which occur this point. the Albany filters, 
where substantially the same design was used for this part the 
work, this result was accomplished. Washington, with much 
greater extent vaulting, there were expansions and contractions 
greater magnitude than occurred Albany, and some cases 
settlements the foundation were also factor. The entrances 
were forced act some extent expansion joints, particularly 
parts the work where the concrete was placed late the fall 
when the temperature was low. those places there were 
ments the vaulting, with the higher temperature the follow- 
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ing summer, which cracked the concrete the entrances. The 
movements were such break several piers, and was necessary 
replace them. The cracks for the most part were capable 
being grouted and repaired, but clear that the design 
entrances, works where the vaulting uninterrupted and exten- 
sive, should modified. 

Diagonal Vaulting—At several places the shape the site 
was such that was necessary place the outside walls lines 
not parallel with the pier lines. This involved complications the 
construction the floors and vaulting. The plan adopted was 
place the outside wall diagonal line and carry cylindrical 
arch the usual shape springing from for distance not exceed- 
ing one-half the usual span the arch. The piers were built 
the usual plan, near the wall possible, and the groined-arch 
vaulting was carried from them. The customary curves were 
used all cases, and the various surfaces intersected formed 
irregular arches which tended narrow and pointed like Nor- 
man arches. This became well developed places where the piers 
were near the walls. The angles the outside walls were arranged 
that the relations the piers the walls became the same 
regular intervals, and this allowed the special centering used 
over again. some cases there were small triangular places the 
tops between the different surfaces, which were not large enough 
warrant the construction another pier. These were built per- 
fectly flat, small quantity steel being used the concrete. 

The piers are all 14-ft. centers, except that the span was 
made in. shorter for five the filters, order fit the dimen- 
sions that part the site with fairly regular design. 

the pure-water reservoir the piers are ft. apart centers. 
This greater span was adopted avoid the use piers too high 
for their width. The height these piers about ft., about 
ten times their width. 

The floor the pure-water reservoir not level. Part the 
site was naturally at, had been excavated to, level below that 
which water could ordinarily used from it. was cheaper 
carry the floor the reservoirs the level this material than 
fill and build shallower reservoir, and emergencies the 
water stored this lower part the reservoir would value. 
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was not worth while excavating the remainder the site this 
depth, and consequently sloping floor was used, thereby largely 
reducing the quantities excavation, and masonry the out- 
side walls, without materially reducing the effective storage capac- 
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ity. The sloping floor was built the usual way, simply raising 
the grades and setting the forms slope, strips being nailed 
the tops the lower side level for the piers. 
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greater thrust the arches. The section was varied according 
the height the wall such way that the thickness the spring- 
ing line was 15% the height the wall, with minimum thick- 
ness in., while the thickness the bottom was 40% the 
height the wall. lighter steel-concrete wall, buttressed 
concrete wall, might have been used, with some saving 

Drainage drainage system the Washington 
filters was designed genera] upon the same principles those 
followed the Albany filters. 

Owing the increased size the filters was necessary 
have lateral drains greater capacity, and split 12-in. pipes were 
used those places where round 6-in. pipes were not sufficient. 
Tests 12-in. pipes showed that they were amply strong for the 
service. The pipes were not perforated, Philadelphia, because 
the open joints have area far greater than the area the drains, 
and furnish all needed space for the entrance water. 

Central Drains.—The central drains, Albany, are below the 
floors the filters, and were built first. This permitted the inverted 
arches the floors pass over them without interruption any 
kind. would have been more convenient have the central 
drain higher, but this would have necessitated cutting the inverted 
arches, which would have involved tendency movement the 
floor blocks and all the masonry. 

one respect the design the central drain was different 
from those filters formerly built. This peculiarity had been 
incorporated previously design for filters Pittsburg, made 
one the writers, but that design was not carried out there. 
consists the use compensating orifices, balance the fric- 
tional resistances and velocity heads the main drains. When 
filter has just been cleaned and put service, the frictional 
resistance the sand very small, usually only in. The 
frictional resistance and velocity head the water flowing the 
drain filter must kept within very low limits, otherwise 
their effect would cause that part the filter nearest the 
outlet operate rate much higher than intended; while the 
remote parts filter would hardly filter all until the nearer 
parts were some extent stopped the clogging the sand. 
avoid this condition, velocities the main drain low 0.6 ft. 
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per sec., less, are necessary, and this results very large 
central drain for filters large those Washington. The total 
loss head these drains not serious, from the standpoint 
the level the water delivered; but its disturbing effect upon the 
equality the rate filtration most important matter. 
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The principle the compensating orifice introduce resist- 
ances, each point where laterals enter the main drain, equal 
the combined frictional resistance and velocity head the main 
drain from the most remote point the point question. the 
computations are correctly made, this would result making the 
resistance from any point back compensating orifice, through 
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it, and thence the outlet, precisely the same from any and all 
other similar points. The result should draw water ex- 
actly the same rate filtration from each section the filter, 
all the losses the underdrains and compensating orifices 
change with the changes rate nearly the same ratio, namely, 
the square the rate filtration, follows that compensa- 
tion adjusted for one rate filtration substantially right for 
any other rate. The fact that the loss head the sand varies 
directly the rate, instead the square the rate, does not 
enter into the comparison; for, given rate, this loss the 
same for all parts filter, and therefore there tendency 
from produce unequal rates filtration. 

The compensating orifices were brass discs, with circular open- 
ings cut the computed diameters and placed the entrances 

the main drains, all other parts which were finished water-tight, 
substantially so. this construction the main drains were 
tile pipe throughout, which sufficient; but without the 
orifices would have been necessary use 36-in. pipe. The sav- 
ing effected the use the orifices was roughly $500 per acre, 
for the plant. 

total depth the gravel layer midway between 
the piers in., decreasing in. the piers. Three grades 
gravel were used. The material throughout was crushed stone, 
either trap granite, limestone and material containing lime 
large quantity being excluded. The lower layer coarse gravel 
was in. thick, coming just over the tops the drains. The two 
finer layers were each in. thick. The gravel was kept ft. away 
from the outside walls. The sizes and methods placing were 
practically identical with those used Albany. 

Sand.—The sand is, way, the most important part the 
filters. secure the best sand that can reasonably obtained 
important. The specifications for sand were much like those 
used Albany, but required somewhat greater freedom from 
fine particles, experience had indicated that this was necessary 
secure the best results the filtration river waters containing 
much clayey turbidity the Potomac water. was expected 
when the specifications were drawn that the sand dredged from the 
Potomac would used. The specifications were general, and ad- 
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mitted any sand the required quality without regard its source. 
The contractor actually furnished sand from bank Laurel, Md., 
the main line the Baltimore and Ohio Railroad, half way 
Baltimore. This bank was probably Tertiary origin, and con- 
sisted layers clay and sand. The sand the sand layers was 
good quality, except that more less clay was distributed through 
it. The layers clay ranged thickness from few inches 
several feet, and the mixing was such that was not possible 
take the sand without the clay. 

The method securing and preparing filter sand the req- 
uisite cleanliness and the quality specified was interesting and 
novel. The procedure was follows: The sand was excavated 
from the bank with steam-shovels, taking the mixed material, 
depth often reaching ft. The material obtained this way 
consisted mostly sand, but large and small lumps clay were 
always mixed with it, and the top soil was not separated. The pro- 
portion the material which could not form part the filter 
sand was rather large. The sand was loaded cars, which car- 
ried temporary tracks the screening and washing plant 
built close the main line the Baltimore and Ohio Railroad. 

The material was first dumped from the cars through coarse 
grating which separated many the lumps clay. 
then passed through revolving screen, with holes about in. 
diameter, which removed further quantities clay lumps. 
was then taken link-belt elevator the top timber trestle, 
and discharged into revolving screen, with round holes having 
size separation about mm. Water jets played upon this 
and facilitated the passage sand through it, while much 
fine gravel and some additional lumps clay were removed. The 
specifications provided that the sand must free from particles 
more than mm. diameter, and the screen secured this result. 
The material passing through the screen consisted the sand, to- 
gether with large quantity clay, partly pulverized and partly 
lumps, all carried considerable quantity water. The 
mixture then passed series pug-mills. The revolving arms 
these broke and pulverized the remaining clay lumps. This 
treatment was necessary for material containing clay lumps, 
but would unnecessary for sand not containing such material. 
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The pug-mills incidentally served separate portion the 
clay from the sand, for excess water entered them, and ex- 
tremely dirty water was constantly wasting over their tops, while 
the sand was drawn out from points near the bottoms much the 
same way was subsequently drawn from the sand washers. 

The mixture sand, clay and water leaving the pug-mills next 
passed the washers. These washers consisted three long nar- 
row boxes with bottoms having slopes the point dis- 
charge. The boxes were ft. long, in. wide, and in. deep 
the upper end. There were four pipes, perforated for their entire 
length, the bottom each box, the holes opening directly down- 
ward. Water was forced through these pipes rate about 
cu. ft. per min. per sq. ft. box area. This water went upward 
and overflowed into trough running lengthwise the box the 
top. The mixed materials entered this box the upper end, flowed 
through it, and were discharged the lower end from the bottom. 
There were, therefore, two movements each box: first, move- 
ment wash-water upward from the bottom the box the top 
and out through the waste overflow; and second, forward move- 
ment sand from one end the box the other. The upward 
movement water, starting from the whole area the bottom and 
overflowing from most the area the top, kept the sand semi- 
suspended state and practically the condition quicksand. 

Under these conditions the larger particles sand rapidly sank 
the bottom while the finer particles were carried the top. The 
sand the bottom was contact with the clean water first 
entered the box, while, controlling the quantities sand let 
and drawn out, the finer particles could forced the top and 
out through the waste overflow any desired extent. The level 
the sand the box was usually carried not more than about 
in. below the surface the water. 

the sand the box was the state quicksand, was 
possible draw out, through gate placed just above the bottom 
the lower end the washer, the form fluid containing very 
little water. Generally, parts the mixture drawn from the 
outlet contained parts solid sand. The mixture fell into large 
hopper, from which gate allowed flow from time time into 
cars side-track below, often without further separation 
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water, except gradually drained out through the cracks 
the hopper and the bottoms the cars. 

general, was found that cu. yd. sand per hour could 
washed for each square foot box area, and sometimes larger 
quantity was passed. 

washing box this character was first designed one 
the writers for use preparing filter sand Yonkers, Y.* The 
same type box was used preparing all the sand placed the 
filters Providence, I., and has also been used elsewhere. 

The separation the clay from the sand such large quanti- 
ties and cheaply was achievement which would hardly have 
been regarded possible the time the contract for filter sand 
was made, and the use this process cheapened the sand washing 
very greatly, the actual cost the contractor being far below the 
contract price. 

Although exact figures are not hand, appears that the 
volume water used washing the sand was not more than five 
six times that the sand. The wash-water was obtained from 
small creek nearby, and was pumped through 10-in. pipe. After 
rains the water this creek was quite turbid, but this turbidity did 
not interfere with the washing, with the quality 
the sand produced. 

working day hours, more than 900 cu. yd. filter sand 
were frequently produced, and, had been possible handle the 
sand the filters more rapidly, the plant could have worked 
night, with greatly increased output. 

The specifications provided that the filtering sand should en- 
tirely free from clay. This specification had proved sufficient 
securing sand from river deposits and from sand banks glacial 
origin. did not prove satisfactory the case this sand, the 
raw material contained large quantities clay. The clay stuck 
the particles sand drying, and the ordinary mechanical 
analysis, sifting the material dry state, was inadequate 
show its presence amount. 

becomes apparent once that method measuring the 
amount clay the sand must found and used, and definite 
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limits set the amount clay that could present, which should 
substantially equivalent the requirements the specifications. 

The method adopted determining the amount clay was 
follows: weighed quantity sand, usually less 
there was considerable clay it, and more there was 
but little—was agitated for some minutes with several times its 
volume water. The sand for this purpose was taken directly 
from the washers, and was not dried, drying increased the dif- 
ficulty getting the clay into suspension. the sand had dried 
before testing, was necessary keep moist and agitate for 
some time get all the clay loose. When this was accomplished 
the mixture was made volume liter graduated glass. 
This was allowed stand for min. The turbidity the super- 
natant fluid was then taken observing the depth below the sur- 
face that platinum wire could seen, the method the 
United States Geological Survey. 

These observations were taken the graduated glass for con- 
venience. This was not strictly accordance with the official in- 
structions, but was more convenient, and the comparative results 
were good. Jackson’s turbidimeter was used with good results for 
night work, but the rod was preferred the inspectors when 
could used. The turbidity the water thus found was 
plied the ratio the volume the mixture the weight 
sand taken. That say, for the quantities above stated was 
multiplied 40. The figures thus represent approximately the 
turbidity the sand parts per million weight. One part 
clay weight actually produces about two parts turbidity, be- 
the particles clay are much finer than the particles stand- 
ard turbidity, but this matter overlooked, and the results are 
expressed standard turbidity parts per million. get the 
actual weight the clay, therefore, the figures should divided 
two. 

was decided after study that reasonable interpretation the 
specification, expressed terms turbidity, was represented 
4000 parts per million, and this limit was rigidly insisted upon. 
Generally, the sand contained less than 3000 and frequently less 
than turbidity, the last figure corresponding less than 0.1% 
actual clay weight delivered. That this result 
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could regularly secured from bank where considerable per- 
centage the total material was clay is, the writers think, very 
remarkable result, indicating both excellent apparatus and most 
efficient management, the part the contractor, and the sand 
inspectors. 

Part the sand-washing plant was duplicated. This was done 
before the full capacity the part first built was realized. was 
intended insure against delay case accident and allow 
increased output, but the first part did well that the second 
part was used hardly enough test it. 

The sand was taken cars elevated siding near the 
ters, and dumped into hoppers. These hoppers were provided with 
sand-gates, and carts were driven underneath and loaded from them. 
These carts were taken over the roofs the filters, and the sand 
was dumped through the manholes. Chutes were arranged under 
the manholes, upon which the sand fell. This broke the force 
the fall which, otherwise, might have compacted the sand un- 
desirable extent, and also threw considerable distance hori- 
zontally. The chutes were revolved, and this way most the 
filter sand was placed directly where was wanted without further 
handling. was necessary place only small part with 
shovels. 

This method placing the sand the filters simple and 
cheap that has been adopted for regular use replacing the 
washed sand the filters. 

The sand settled, average, about when was wet and 
the filters were placed service. The average depth the sand 
the filters after settling was in., but different filters were filled 
different depths, that when sand replaced from the washers 
the filters will first the filters having initially the least 
sand, and regular regime thus established from the start. 

Piping.—All the piping for taking the filtered water the pure- 
water reservoir cast iron, in. diameter, less. The 
main pipes for carrying the raw water from the pumps the filters 
are riveted steel. Two lines were provided, one in. diameter, 
supplying filters; and one in. diameter, supplying filters. 
These pipes are coated with asphalt and entirely surrounded con- 
crete. 
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each these lines built reinforced con- 
crete Venturi meter. These meters were built with the proportions 
described Clemens Herschel, Am. Soc. E.* One casting 
was set for the throat each meter, and another for the entrance. 
These castings had the usual openings and annular spaces, and were 
connected with small pipes leading the registering apparatus 
the pumping station. The fittings and registering devices were fur- 
nished the Builders Iron Foundry. The reinforced concrete 
meters were much cheaper than made cast iron, and are per- 
fectly satisfactory. 

would have been possible build the entire raw-water lines 
reinforced concrete, had not been for the fear unequal set- 
tlements, shrinkage and cracks, and the consequent troublesome 
leakage water. The water these lines under such pressure 
that would usually rise little above the surface the courts, 
were there such cracks. 

Regulation—The water pumped from the Washington City 
Reservoir directly the filters, and there are sedimentation 
basins the filters. They are unnecessary because the water has 
been most thoroughly settled before reaches the plant; and fur- 
ther, there space available for them the site selected, all 
which required for the filters. The piping from the pumps 
the filters ample that, the rate filtration used, the 
water level upon all the filters, with the gates wide open, nearly 
the same. The difference few inches between the nearest and 
most remote filters nearly constant, and not troublesome. 

necessary regulate the speed the pumps maintain 
the desired water level upon the filters. close regulation the 
pumps difficult, the regulating apparatus the filters made 
that fluctuations the levels the water the filters through 
range in. are permissible. average filters ser- 
vice, in. represents storage capacity 4000000 gal., which 
gives ample leeway for the convenient and economical operation 
the pumps. 

The regulation the quantity the effluent from each filter 
secured gate with large wheel and graduated standard 
upon the filter outlet. The discharge through Venturi meter, 
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with suitable apparatus placed directly behind the controlling gate 
show the rate filtration and loss head. Watchmen observe 
and record these data stated intervals, and change the outlet gate 
when necessary order maintain the desired conditions. 
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well, and never necessary change the adjustments oftener 
than such rounds would made. 

The pure-water reservoir arranged that when becomes 
full will back water against the filters and reduce the rate 
filtration automatically, but the outlets from the filters the pure- 
water reservoir are placed such elevation that considerable 
drop the pure-water reservoir does not put corresponding suction 
pull upon the filters, but, instead, the loss head limited 
about ft. Any fall the water the pure-water reservoir be- 
low the level corresponding this loss head has effect upon the 
rate filtration. 

The pure-water reservoir has its flow line ft. above the nomi- 
nal level the Washington City Reservoir, and ft. above the 
highest elevation for which provision has been made the gate- 
houses that reservoir. 

the pressure obtained gravity the lower part the 
city from the works before the filters were built was not large, 
would have been desirable increase taking advantage 
the higher elevation the pure-water reservoir. this, how- 
ever, would have required the entire reconstruction the two gate- 
houses already use. These gate-houses were quite elaborate, with 
provision for all possible by-passing all parts the work, and 
represented large investment. The designs were such that they 
could not easily adapted for handling water higher level. 
use the water the higher elevation, therefore, practically 
meant the abandonment these gate-houses. 

avoid doing this, the water leaving the pure-water reser- 
voir passes through controllers which reduce its level the highest 
elevation permissible the old gate-houses. These controllers con- 
sist series eight pairs balanced valves, arranged bat- 
teries four pairs each. pair valves operated 
copper float resting the water stilling-box the discharge 
chamber. This has the effect holding the water this chamber 
the desired level. 

The balanced valves not close tightly, but have annular spaces, 
that considerable quantity water passes them any event. 
These spaces' were made pass less water than the assumed mini- 
mum rate consumption, that the valves are capable con- 
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trolling through the entire assumed range consumption. Both 
the pure-water reservoir and the discharge chamber are provided 
with overflows back the Washington City Reservoir, prevent 
the water levels from going above the desired heights. by-pass 
which can operated hand will maintain the supply when the 
balanced valves are out service for any reason. 

Provision was made take large pipe from the pure-water 
reservoir directly the city some time the future. open- 
ing through the wall the reservoir was built and closed with 
thin wall easily removed, that this connection can made when- 
ever the advantage the increased head becomes important enough 
justify the construction pipe line connecting the reservoir 
directly with the distribution system the 

the meantime, the extra head lost, but the system has the 
advantage furnishing unusually steady pressure, for the pipes 
are protected from even the fluctuations level the pure-water 
reservoir. 

Sand Washing.—The sand-washing and handling plant one 
the most important features, because the work done 
far the most expensive part the operation, and makes 
large part the total cost purification. The general arrange- 
ments these appliances are follows: 

The dirty sand scraped off and piled men with shovels. 
then thrown into movable ejectors, which force water 
pressure through lines hose and pipe stationary sand washers 
the courts. These washers clean the sand and also elevate 
cylindrical storage tanks. These tanks are high enough that 
carts drive under them and are filled opening gates their 
bottoms. The carts turn take the sand over the top the filters 
and drop through manholes upon revolving chutes, the manner 
described connection with the placing the sand the con- 
tractor during construction. 

Sand movable ejectors have two novel points 
their design. First, the water for bringing the sand into suspension 
introduced gently the bottom the ejectors and slowly rises 
the sand shoyeled into it. was found experiments, made 
under the authority Colonel Miller, that sand could more ef- 
fectively loosened and suspended this way than playing water 
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upon from above considerable velocity. The mixture thus pro- 
duced contains more sand proportion the water, and the eject- 
ors therefore throw more sand and less water. Second, the discharge 
ends the ejectors beyond the throats are made with very flat 
batter, like the discharge end Venturi meter. The batters for 
the discharge are 22, place used Lawrence, Al- 
bany, Philadelphia and other earlier designs. series tests 
showed that with this modification, and with fixed water and sand 
quantities, twice much pressure the discharge could obtained 
with the usual batter the discharge. other words, with given 
quantities sand and water, possible force the sand through 
twice long line discharge piping the use the flatter 
batter the discharge pipe beyond the throat the ejector. The 
saving clearly comes from the utilization the velocity head the 
throat, which was largely lost with the greater batter the dis- 
charge. 

Water operate the movable ejectors and all other parts the 
sand-washing and handling system provided under from 
100 pressure pumps and pipes installed for that purpose. Un- 
filtered water from the main pump-well used. The pipes take the 
water each court, and 5-in. wrought-iron pipe lines take down 
each side the filters. These have hose connections intervals 
averaging about ft. Hose, in. diameter, and seldom more 
than 100 ft. long, completes the feed line. The discharge mixed 
sand and water first through line 3-in. hose, seldom more 
than 100 ft. long, the nearest side the filter. Here connection 
made with 4-in. wrought-iron discharge line leading one 
the stationary washers the courts. The feed and discharge pipes 
always together, making pair, with corresponding connections, 
and with connections under the vaulting but above the top the 
filter walls, that each pair capable serving two filters. The 
pipes are also laid grades, with blow-offs, that when they are 
not use they can entirely drained prevent freezing. 


The design the pipes for carrying the mixed sand and water 
was given considerable attention. they were too small, the ca- 
pacity would limited; the workmen would have wait for the 
ejectors carry off the sand that had been shoveled into them; and 
the apparatus would not prove economical. the other hand, the 
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pipes were too large for the minimum use, the sand would settle 
out the water, form deposit the pipes, and stop the operation. 

authority Colonel Miller, tests were made determine 
the power and capacity ejectors different sizes and types, the 
frictional resistances mixtures sand and water pipes, and 
the minimum velocities which such pipes could regularly 
operated without stoppage separated sand. 

making these tests ejector was connected hose 
length wrought-iron pipe, which finally discharged into tank 
wooden trestle. The outlet from this tank was through 
circular hole sheet-iron upon the bottom, which acted 
standard orifice. Pressure gauges connected with the pipe 
intervals gave better results loss head than could se- 
cured differential gauges glass tubes. There throbbing 
pressure, particularly moderately low velocities, perhaps due 
partial deposition and subsequent picking sand particles, 
and separations into more less dense mixtures, which made 
difficult get satisfactory readings the glass tubes. The 
pressure gauges were less sensitive and therefore much more easily 
read, and, the whole, sufficiently accurate. 

The time required throw measured volume sand was 
observed one man, while others read the gauges the dis- 
charge pipe 10-sec. intervals. the same time the head over 
the standard orifices was noted, and from this the total volume 
flow was computed. 

Occasionally, the discharge from the orifice was taken 
spout tank for determined interval. The results thus se- 
cured were used compute the coefficient discharge the ori- 
fice (which was 0.63 for sand mixtures, place 0.60 for water, 
probably because the sand formed flat cone about the orifice). The 
sand contained this water was also often separated and meas- 
ured, check the rate which was passing. 

Such experiments were made with 3-in. and 4-in. pipe, 
from which diagrams friction were prepared for use design- 
ing the piping for the filters. They are not accurate could 
wished, and further data this kind are desired. 

With average velocity low ft. per sec., pipe would 
promptly fill with sand and shut itself off. This was true, what- 
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ever proportion sand was present the water. ft. 
per sec. flows sand and water were sometimes maintained, but 
always with great fluctuations friction, which, the writers 
think, indicates partial deposition coarse particles and oc- 
casional picking and carrying forward accumulation. 
Occasionally, this velocity, the pipe would fill shut off 
the flow. 

velocities ft. per sec. the flow was much steadier, and 
stoppages almost ceased. ft. per sec. and upward, mixtures 
sand and water acted quite fluid, and the flow was almost 
steady and regular that much water, although the fric- 
tional resistance was much greater. 

result these studies, and calculations based upon them, 
was concluded that: 

short length 3-in. hose pipe would not throttle 
ejector too closely, but line such pipe long enough serve 
the most distant positions the movable ejectors would cut down 
the rate discharge such extent that the men would have 
too much waiting for the ejectors. 

would never possible discharge two ejectors through the 
same 3-in. pipe. 

Adequate carrying capacity furnished 4-in. pipe, and one 
such pipe will usually capable taking the discharge from 
two ejectors, occasion demands. 

prevent obstruction 4-in. pipe, the jet the ejector 
should such size throw water enough produce ve- 
locity ft. per sec. 4-in. pipe. practical operation the 
sand taken and the water introduced through the irrigator 
will increase the volume one-third, and will produce ve- 
locity ft. per sec. the 4-in. discharge, and this desirable. 

With two ejectors discharging through one 4-in. pipe, the ve- 
locity will about ft. per sec., which permissible. 

The most advantageous ratio diameter jet throat 
ejectors was studied some length, and sufficient information se- 
cured select throat diameter approximately the most ad- 
vantageous size. diagram some these results was made, 
which shows the results clearly. 

large throat will throw more sand, but the pressure that can 
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produced overcome friction the piping decreases almost 
the square the throat diameter. The ratio jet throat, 
computed for the different ejectors, based the data the ex- 
periments, varied greatly. For instance, the movable ejector, 
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the jet 0.59 the throat. the first ejector the stationary 
washers, which only throws the sand from one hopper the next, 
the ratio 0.34, and the second one, which lifts the sand the 
sand-bin, the computed economical ratio 0.48. all cases the 
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ratios are changed wear, and the throats will need re- 
placed frequently. 

Sand Washers.—The stationary washers the courts are some- 
what like the washers Albany, but differ one important par- 
ticular. The mixed sand and water falls into hopper, but below 
this chamber formed globe casting. There free open- 
ing from the hopper this chamber. secondary jet water 
(called enters this casting near the bottom, and 
supplies just about the quantity water which carried into 
the throat the ejector with the sand leaves the hopper. 
this arrangement there downward flow water from 
the hopper the chamber below. The sand settles through the 
water into the chamber, and separated from practically all the 
dirty water which came with it. This overflows from the top the 
hopper and wasted. 

the Albany washers, each hopper serves dilute the dirty 
water the sand which reaches it. general way, each hopper 
serves reduce the foreign matter one-half. the new type 
there practically complete separation, and theoretically single 
hopper should serve wash the stand adequately. added 
safeguard, second hopper provided, however, which may may 
not used, desired. 

This type sand washer was designed one the writers 
for another service,* and has since been used smaller plants. 

The waste water from the hoppers goes through pair con- 
crete boxes, stop such particles sand may carried out 
the hoppers, and this sand shoveled back the washers from 
time time. 

The stationary washers and their appurtenances are erected 
blocks reinforced concrete, strong enough that any- 
movement, either from settlement frost, will move the block 
and the apparatus whole, and will not move the different parts 

The available space the stationary washers did not permit the 
was obtained. This produces ejector powerful enough lift 
the sand about ft., the top the storage bins. 


* Described in The Engineering Record, January 2th, 1902, andin Engineering News: 
February 13th, 1902. 
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Sand storage bins are reinforced concrete, cylin- 
drical form, with conical bottoms. They are supported 
circular concrete foundations, carried well below the frost line, and 
also below the pipes the courts. The weight the bins car- 
ried partly upon outside wall and partly upon three circular 
arches which intersect the center the structure, leaving 
space underneath large enough for two-horse cart drive 
through filled with sand from the gate. 


FLOW SAND AND WATER FOUR-INCH 
COMPUTED FROM “AND FROM FLOW 


THREE-INCH PIPE 
PLOTTED. DEC. 17-1904 


Velocity, in feet per second 
Fie, 14. 


Each bin holds 250 cu. yd. can ordinarily filled, which 
not quite the top. The material thrown these storage bins 
consists part sand and parts water. The sand settles 
the bottom, and the water accumulates the bin until the latter 
half full. then overflows through pipe this level, and 
this continues until the sand nearly reaches the outlet. The gate 
the first outlet then closed, and the process repeated the 
use second outlet almost the top the bin. 
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Twenty-nine bins are provided, one for each filter, but the con- 
nections are such that each filter tributary number 
bins. The filters and bins are arranged three groups. The bins 
each group will contain sand equivalent in. one filter, 
somewhat more than the quantity replaced one refilling 
filter. The plan refill filter often the bins are full, 
and use all the accumulated sand one group doing it. 
This will every two three months. 

seasons the year when will not wise 
replace the sand the filters. Experience Albany indicates 
that, after replacing sand, the quality the effluent temporarily 
falls off somewhat. summer the change slight and unim- 


WASHING AND STORAGE OF SAND 
hed Sand 


& 


Fie. 15. 


portant. colder weather much greater. this proves 
the case Washington, refilling will not advisable win- 
ter; and after the bins are once filled with sand cold weather, 
the remainder the sand removed from the filters will piled 
the courts until spring. Computation showed that the sav- 
labor and handling sand would make pay build bins 
where they could used several times year, but that would not 
pay build them when they could used only once year. 
bins are provided, therefore, for this exceptional winter condition, 
and, far occurs, the sand excess the capacity the 
bins will handled the older methods. 
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No rounds In ladder above this point 


Springing Line. 
of Ribs 


SECTION MODIFIED 


SAND BINS 


BOTTOM 
CONE 
16. 


The sand handling machinery was completed that was 
use for the greater part the work from the last April, 1906. 
The figures thus far obtained indicate average costs for labor 


follows: 


Scraping, cents; leveling, cents cents per cu. yd. 
“ 


Storing and replacing sand 


Total cost 


3 
1 
a . 
18° 
ELEVATION 6" Earth represeuted as omitted 


350 WATER FILTRATION WASHINGTON, 


These figures may revised, with more extended experience, 
but the present indication that the entire cost sand handling 
will not exceed cents per cu. yd. The apparatus has fully justi- 
fied the additional investment, for the cost far lower than has 
been yet reached elsewhere. 

For comparison, the average costs sand handling, computed 
George Fuller, Am. Soc. E.,* for some the older 
filters, are follows: 


Lawrence, service, per cu. yd. 
Mount Vernon, service, 1894.. 1.51 
Albany, service, 1899........ 1.88 


From data published reports appears that the cost Phil- 
adelphia, with hydraulic ejecting, about $1.20 per cu. yd. 

should stated that the average depth sand removed 
Washington greater than the other places, but that the scrap- 
ings are less frequent; that the quantity sand handled per 
million gallons about average figure. 

Pumping pumping station serves lift the water 
from the Washington City Reservoir the filters. the same 
building are located, also, the pumps which supply raw water under 
high pressure for washing and transporting the sand; electric 
light plant; boilers and other auxiliary machinery. When the 
Washington City Reservoir its normal high-water mark, 
ft. below the level the water the filters. this must 
added about ft. for frictional loss the piping, including the 
head loss the Venturi meters. This makes the normal minimum 
pumping lift ft. The Washington City Reservoir will not al- 
ways entirely full, however. When drawn down the pump- 
ing lift will increased. possible draw approximately 
ft., which case the pumping lift will increased ft. 
The capacity the reservoir between these levels 
gal. 

The main pumping done three centrifugal pumps, directly 
connected Harrisburg engines, all furnished the Henry 
Worthington Company. These pumps the minimum lift are 
guaranteed deliver 40000000 gal. per hours. They have ac- 


*Transactions, Am. E., Vol. XLVI. 
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Fie. 2.—MovaBLE EJecTor AT 


PLATE XXXVII. 
TRANS. AM. SOC. CIV. ENGRS 
VOL. LVII, No. 1036. 
HAZEN AND HARDY ON 
WATER FILTRATION 
AT WASHINGTON, D. C. 


MOovING SAND FROM FILTER, 


: 
Fie. 1.—GeneraL View oF A PART OF THE WASHINGTON FILTRATION PLANT. ; 
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tually delivered nearly 25% more than the guaranty. greater 
lifts the guaranteed capacity decreases, that the product the 
capacity and lift always 840000000. The guaranteed duty was 
100 000 000 ft-lb. per 1000 dry steam. test the duty de- 
veloped was 500 000 ft-lb. 

was found that there was considerable loss head the 
surface condensers the discharge, and the contractors are now 
changing these condensers. The saving made this way will 
represent more than the deficiency the duty, that the pumps 
will fully comply with the guaranty. 

There are two pumps for the sand wash-water, each with ca- 
pacity gal. per hours, with 100 lb. pressure. ex- 
pected that one pump operated through one 8-hour shift per day will 
generally maintain this service. Occasionally, may necessary 
operate two pumps, extend the period work beyond hours 
per day. The pumps are compound, designed stand rapid fluc- 
tuations rate and pressure, and are not designed give the 
greatest economy. The duty shown test was about 000 
ft-lb. per 1000 Ib. steam, thus exceeding the guaranteed duty 

The electric-light equipment consists one 50- and one 25-kw. 
generator, directly connected compound steam engines. This 
serves light the pumping station, the office and laboratory, and 
the courts, and furnish current for other incidental purposes. The 
filters are also wired and provided with electric light throughout. 
There one light for each 14-sq. ft. section. Generally, 
clean the filters, the manhole covers will removed, admitting 
daylight. The daylight secured this way more satisfactory 
and than the electric light, but experience other 
places has shown that there are dark days, times when snow 
and ice are upon the roof, and when great convenience 
able clean without removing the covers. The electric 
lights the filters, therefore, are regarded for occasional and 
auxiliary use, and not for regular service. 

Steam furnished four 200-h.p. Babcock and Wilcox boilers, 
with Roney automatic stokers and Green economizers. Ous- 
todis stack, 150 ft. high and ft. diameter, serves the boilers. 

coal pocket adjoining the boiler-room concrete, afid 
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practically the same construction the filters. ft. square, 
with inside height ft., and will hold 1700 tons coal, 
four months’ supply. 

not possible get track from any railroad the plant. 
Coal, therefore, must brought carts; and manholes are pro- 
vided through which the coal dumped from the driveway into the 
pocket. 

Laboratory.—The laboratory and office building ft., 
with high, light basement. placed near the pumping sta- 
tion, and high enough that good general view the plant 
obtained from its windows. The design follows general way 
that the original laboratory the Lawrence Experiment Sta- 
tion the Massachusetts State Board Health, having general 
laboratory with roof ventilator the middle, with special lab- 
oratories for chemical and biological work either side. The 
superintendent’s office immediately adjoins, while the filter fore- 
men and gate tenders have office across the hall, which many 
the routine records are kept. The basement furnishes storage 
for supplies, and room for experiments considerable scale. 

The laboratory department has charge the routine operation 
the filters, and responsible for the results obtained. must 
also keep track, and investigate the condition, the water from 
Great Falls the plant, and note the changes that take place the 
aqueducts and reservoirs. intended, further, make experi- 
ments upon methods treating the water with reference improv- 
ing the processes and the suggested methods preliminary treat- 
ment. 

Cost Work.—The total sum appropriated for the construction 
the filters was 468405. Nearly all the work finished and 
paid for, although little finishing remains done. 

Taking the payments, far made, and estimating the cost 
the parts yet completed, statement the approximate 
cost the work has been prepared (Table 2), and this will not 
differ greatly from the final figures. 


PLATE XXXVIII. 
TRANS. AM. SOC. CIV. ENGRS. 
VOL. LVII, No. 1036. 
HAZEN AND HARDY ON 
WATER FILTRATION 
AT WASHINGTON, D. C. 


Fic. 1.—PuMPING STATION, OFFICE AND LABORATORY BUILDING, AND INTAKE GATE-HovseE, 
aT WASHINGTON City RESERVOIR. 


Fie, 2.—INTERIOR oF PuMPING STATION. 
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TABLE Cost WASHINGTON PLANT. 
Pumping Station: 

Intake, with gates and building 

Venturi meters, 72-in. and 54-in. (reinforced con- 


lighting, engines, etc 
Four 200-h.p. boilers, place 800 
Four Roney stokers 4100 
Two Green economizers, place 100 
Three 36-in. centrifugal pumps, with engines .... 000 
Two sand-washer pumps 100 
Piping, valves, 100 
Coal, oil, and running tests 500 
Traveling crane 600 
Chimney, with foundation 800 
Coal vault 000 


$183 600 


Twenty-nine Filters: 


Excavating, cu. yd., cents $258 800 
Filling, 299500 cu. yd., cents.............. 900 
Sodding slopes, and seeding 300 
Roads and drains outside filters 200 
Concrete tunnel under First Street .............. 100 
Concrete (including cement). 
Floors, 36563 cu. yd., 
Walls, 038 cu. yd., 139 900 
Vaulting, yd., 8.75 305 500 
Court paving (including cement) 000 
Central underdrains, 900 lin. ft., $1.65 000 
Interior drainage system, filters, $500 500 
Materials placed masonry, filters, $200 


Total cost pumping station .............. 
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Doors and beams entrances 700 
Filter sand, 157 725 cu. yd., $2.65.............. 
Filter gravel, cu. yd., 100 400 
Cast-iron piping and special castings............ 
Steel rising main, including concrete backing.... 800 
Sand-washer pipe system, complete 000 
Sand-washing apparatus, washers, ejectors, and 

hose connections, complete 


Elevated sand bins, 29, capacity 250 cu. yd. each.... 800 


Venturi meters and indicating apparatus ........ 400 
Sluice gates and gate-valves 900 
Regulator-houses, including substructures......... 300 
Office and laboratory, with equipment............. 700 
Shelter-house for 800 
Water and gas lines buildings................. 200 
Electric lighting, courts and 900 
Cleaning and 600 


Filtered-Water Reservoir: 


Excavation, 500 cu. yd., $25 100 


Filling, 000 cu. yd., cents........... 400 
Concrete (including cement), 15290 cu. yd. (aver- 
Gate-houses for filtered-water reservoir (super- 
Total, filtered-water reservoir ............ $150 000 


Lower Gate-house: 


Pipe lines lower 000 


WATER FILTRATION WASHINGTON, 355 


Clerical and Engineering Work: 


Inspecting work and testing 000 


Pumping station, including intake, Venturi meters, 

electric light generating apparatus, concrete, 

Twenty-nine filters, with excavation, grading, con- 

work, piping, regulator-houses, shelter- 

house, laboratory and office, electric light wiring, 

sand-washing apparatus, sand bins, complete 000 
Filtered-water reservoir, including excavation, con- 

work, gate-house, regulating apparatus, 


Lower gate-house and pipe 300 
Engineering and clerical 181 500 


— 


Total amount 468 400 

Balance available for operation and contingencies.. 112100 

Total cost for construction, excluding land........ 736 400 

Percentage for engineering and 6.65 


Total, clerical and 
q 
q 
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Cost building per square foot (outside dimensions brickwork) 


Regulator-houses (including substructure)......... 6.63 
Intake (including 21.30 
Lower gate-house (including substructure)..... 14.95 
Gate-house (filtered-water 3.10 


Cost per acre for constructing filters: 
Cost per million gallons capacity filtered-water reservoir: 


WASHINGTON. 


The Washington filters cost about 65% more, proportion 
their net area, than the Albany filters. Most this caused 
higher unit prices. Masonry cost 20% more per cu. yd., and 
other items there was general increase fully 25%, representing 
the changed business conditions the two periods construction. 
The filter sand cost 2.7 times much, owing the supposed diffi- 
culty securing Washington, difficulty which proved 
unfounded. 

The costs may compared follows: 


The masonry was lighter Washington and the sand thinner, 
representing reduction the whole cost the work 
The cost construction was increased because the irregu- 
larity the site, and the extra earthwork and filling re- 
quired, increasing the whole cost the work about.. 16% 
Electric lights, sand bins and appurtenances, not used 
Albany, were added, increasing the whole cost the 
The unit prices were higher (those filtering materials 
making one-half the addition) increasing the whole 
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The product these factors, 
0.89 1.16 1.06 1.50 
1.65, approximately the relative cost the Washington work. 

first filter was put operation August 
18th, 1905. The effluent from this filter was mixed with the usual 
supply unfiltered water the Washington City Reservoir. One 
additional filter was started every second day thereafter, until Oc- 
tober 5th, when the raw water was cut off and the entire city was 
supplied with filtered water. 

Unfortunately, the laboratory building and apparatus had not 
been completed the time the first filter was put into service, but 
they had reached such state completion early September that 
samples the unfiltered and filtered water were plated each day 
and counts bacteria made. 

Between August 22d and the turbidity the water the 
reservoir supplying the filters, determined the Geological 
Survey standard, ranged between and parts per million, and 
averaged 40. During the first days September, the turbidity 
this water was higher, ranging between and 85, after which 
decreased, and was uniformly low until December 8th, when 
began increase again. 

The reduction turbidity the filtered water was noticeable 
the very first day after each filter was put into service, and fair 
percentage reduction was invariably shown thereafter. 

During October becarhe necessary clean some the filters. 
account the filters having been put into operation before the 
completion all their appurtenances, the work cleaning was con- 
siderably greater than would otherwise have been the case. this 
time the courts had not been paved, nor had the sand washers and 
sand-washer pumps been put condition for use. consequence, 
the old method removing sand wheel-barrows had used, 
and not only that, but had wheeled temporary runways 
the top the filters, which added the expense scraping, not 
only for the additional distance and elevation, but for the construc- 
tion the runways. 

The pumping plant was the hands the contractor for part 
the time, and irregularities service during the tests added 
the cost operation. 
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Some the leading data operation for the first five months 


TABLE 
Averages 


= Filtered 
Month. Great water. 
Falls. Dale- George- Washing- 
carlia, town. ton City. 
36 21 18 il 1 
os 19 19 14 11 1 
February..... eecerecccccccns 45 41 29 | 22 8 
167 72 58 46 7 
56 20 16 10 2 
875 112 66 45 2 
127 37 24 21 1 


This operation was without coagulant, and the turbidity the effluent clearly 
shows the need it. 


TABLE 
Averages Months. 
RESERVOIRS. 
Month Filtered 
water. 
City. 
1905. | 
15 687 17 7E0 60 
1906. | 
1 105 | 883 | 654 19 
April m 1 658 715 } 399 | 22 
May } 94 | 66 17 
June 628 334 224 
607 486 156 
CC 1077 1 281 | 188 14 
September...:.. 245, 136 138 14 
949 640 268 16 
November...... 1124 1176 224 12 
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TABLE 


} Average quan- 
Average number 
Month of million gal- Average tity of sand Pounds of 


wash-water coal 
lons to ilift, in feet. jumped: burned. 


1905. 
October .... 
November. . 
December... . 

1906. 
January... 


August .... 
September 
October...... 
November. 


wae aaw 


| 
| 


TABLE 


Number 
duration} gallons 


Average 


at 


December ......... 
1906 


© 
2 


January. 
February.......... 
March 


| 
| 
| 


The practical operation the filters has developed one interest- 
ing point. The water which reaches them has been settled 
unusual extent. filters their type have been used America 
with water settled anything like the extent the water which 
reaches them. This has the result removing all the sand and 
silt from the water. The residual turbidity which reaches the fil- 
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of 
per 
coal 
burned, 
| | 
February 
1905. 
November......... 12 45 136 
2 104 8332 
552 
18.6 70 180 
2 | 49 138 
September ........ 5.5 | 73 205 
23 82 229 
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ters entirely clay, and most extremely fine state 
_of division. The water often usually does not contain particles 
size form the surface the sand the sediment layer 
usually obtained the operation sand filters. The clay particles 
penetrate the sand considerable depth, and gradually fill 
the pores the upper part the sand layer depth 
in. Others deeper and are deposited the lower part the 
sand layer, while still others entirely through the filter and ap- 
pear the effluent. This condition results abnormally long 
period between scrapings, and soiling the sand most unusual 
depth. These conditions were fully indicated the experiments 
made Mr. Hardy and Mr. Weston, under the direction 
the late Colonel Miller, and experience the practical operation 
the plant has fully demonstrated the correctness these experi- 
mental results and the deductions made from them the time. 

The use coagulant would change this and make the condi- 
tions more nearly normal, ‘because the suspended matter the ap- 
plied water would reduced amount and changed character, 
being the form loose floc, capable being stopped the 
surface layer, and thus forming normal sediment layer. 

The plant will cost, complete, less than and in- 
terest and depreciation upon this sum $170000 per annum; or, 
for average use 67000000 gal., about per million gallons. 
Adding this the operating expenses, the total cost filtering 
about per million gallons. the Government pays unusually 
low rate interest the money that borrows, the actual cost 
less than this amount. 


THE PRELIMINARY TREATMENT THE WATER. 


Potomac water substantially free from dissolved coloring mat- 
ter. has sufficient alkalinity allow the reasonable use coagu- 
lant. hardness fairly soft water, ranging from 125, 
and averaging about parts per million, according the compu- 
tation Mr. Weston. 

The sewage pollution, which believed have been material 
element producing typhoid fever the city, the most im- 
portant characteristic the water, from the standpoint public 


WATER FILTRATION WASHINGTON, 361 


health, while the suspended matter turbidity that quality 
the water which makes the greatest impression upon the public. 

The filters constructed should easily remove the objectionable 
results the sewage pollution, make the water entirely sat- 
isfactory from hygienic standpoint. clear that they will not 
always able produce water free from turbidity. 

now arranged, will necessary operate them without 
coagulating, and produce good effluent possible that 
way. 

important element the results that can 
obtained this way the consumption water. the present 
time Washington using more than 200 gal. per capita per day. 
considerable quantity water used buildings, corre- 
sponding manufacturing uses other cities, but, after making 
all possible allowance for every use, the only conclusion that can 
drawn that large part, probably fully one-half all the 
water supplied, wasted through leaky pipes and fixtures, and 
without benefit anyone. The measures taken restrict 
this waste and reduce the consumption quantity approximating 
the actual requirements are well known water-works men. 
requires only the necessary courage and determination, the part 
those who make the laws and are responsible for their enforce- 
ment, carry out the reform and reduce the consumption rea- 
sonable amount. this were done, and the use water were re- 
duced 000 gal. less per day, there would good pros- 
pect always delivering water substantially free from turbidity. 

This could done, because, the first place, the rate filtra- 
tion would low. the second place, the frictional resistance 
the aqueduct would small, and the water the reservoirs could 
ordinarily the highest permissible levels, and the sedimentation 
obtained would considerably more complete than with larger 
consumption; but, most important all, would possible 
close the intake Great Falls times exceptional turbidity 
the river water, and maintain the supply from the reservoirs, which 
would large enough serve for such lengths time extreme 
turbidity lasts. this way, the average amount suspended mat- 
ter the water taken for treatment would very greatly reduced. 

With the consumption near 75000000 gal. per day, the 
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full capacity the aqueduct, impossible carry the reservoirs 
entirely full, owing the frictional resistance the aqueduct; 
and, with the reduced quantity water the reservoirs and the in- 
consumption, entirely impossible maintain the sup- 
ply during the longer periods water which occur winter 
and Under these conditions, therefore, even with the best 
management, there will times when effluents with seriously ob- 
jectionable turbidity will produced. 

increase the quantity the supply beyond 000 000 gal. 
the present basis may regarded as.an impossibility, this figure 
represents. both the capacity the aqueduct and substantially the 
capacity the filter plant, although both could forced somewhat 
beyond for few days case emergency. 

Coagulation coagulation works have always been re- 
garded professionally essential, brief consideration the best 
location and arrangement such works may proper. 

Location.—Works should located the line the conduit 
below the Dalecarlia and above the Georgetown Reservoir. The ap- 
plication coagulant this point would more advantageous 
than Great Falls, and the Distributing Reservoir better adapted 
receiving the precipitate produced than either the other 
reservoirs. 

Arrangement.—The best arrangement apparatus for applying 
the coagulant would substantially that recently installed St. 
Louis, namely, allow constant unmeasured stream water 
flow through dissolving tanks its way the point application. 
Weighed quantities solid coagulant would placed the boxes 
short intervals, according requirements. 

Cost.—The cost constructing the necessary works for adding 
coagulant would very small, probably not more than $5000. The 
cost operation would greater, amounting, was first estimated, 
average cents per million gallons for water 
treated throughout the year, although varying considerably dif- 
ferent years with the amount turbidity. The cost operation 
would not increased this amount, for the coagulation would 
clarify the water such extent that longer runs could ob- 
tained the filters, and the cost cleaning them would 
materially reduced. 
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Improvements the Georgetown connection with 
coagulation, the Georgetown Reservoir should reconstructed and 
furnished with concrete bottom, laid drain waste out- 
lets allow the considerable quantities sludge, deposited the 
result the coagulation, easily and cheaply removed. 
should also baffled, order increase its efficiency sedi- 
mentation basin. These improvements would cost about 
Neither the Dalecarlia nor the Washington City Reservoir suit- 
able for use coagulating basin, their bottoms and location 
not permit arrangement for the economical disposal 
sludge. 

Increasing the Capacity the Plant.—With these improvements 
carried out, comparatively small further improvement would put 
the plant such shape that could forced considerably 
greater capacity. pumping station Dalecarlia Reservoir, ar- 
ranged lift the water ft. could built one side the 
present channel, and without interfering with the regular use 
the works. This would increase the slope both ends 
the aqueduct system, that 100 000 000 gal. per day would pass 
through it. With the coagulation all very turbid water, would 
perfectly safe and proper operate the filters rate 
gal. per acre, which rate the above-mentioned quantity 
could treated. The pipes and connections the filters through- 
out are sufficient for the treatment this quantity. There is, 
therefore, possibility increasing the capacity the plant 
one-third comparatively small expense. 


Mr. Longley. 
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Francis Jun. Am. Soc. (by letter).—The first 
year operation the filtration plant described this admirable 
paper Messrs. Hazen and Hardy, has brought light some unex- 
pected facts regarding the typhoid fever conditions the District 
Columbia; facts which first sight seemed most unfortunate, 
but which the end may lead clearer knowledge regarding the 
epidemiology typhoid fever this and other cities. 

The writer came Washington take charge the laboratories 
the filtration plant when was first put operation, the 
summer 1905. From the first, certain facts seemed evi- 
dent, the study the unfiltered Potomac water. The numbers 
bacteria varied with the quantity turbidity the water. After 
rain, the numbers were very high. the turbidity following the 
rain subsided, the numbers bacteria decreased also, until after 
prolonged period dry weather, when the turbidity had reached its 
minimum, the number bacteria the water was remarkably 
low. For period days May and June, 1906, and another 
period days September, 1906, all the daily samples water 
applied the filters showed bacterial counts less than 100 per 

examination the results tests for Coli also shows 
some significant facts. all the daily samples examined from the 
applied water, only 11% show the presence Coli and 
only 27% When the bacterial count its lowest, the 
Colon Bacillus may not detected for weeks time, and 
most often present when the water has high bacterial count during 
the period high turbidity following rain. This variation 
bacteria and turbidity, and also the presence Coli, are shown 
Plate XXXIX. 

The inference draw from these facts that far the greater 
part the bacterial content the Potomac water, flows into 
the Washington Aqueduct system, comes from surface washings, 
clay, soil, manure from the fields, and all kinds organic and inor- 
ganic matter. quite evident that constant sewage pollution 
not present appreciable quantity. 

The authors give tabulated statement the population upon 
the water-shed above Washington, from which may seen that 
the danger the community from drinking even the unfiltered 
water much less than Lawrence, Albany, Philadelphia, 
which cities have urban populations their water-sheds many times 
great. There intention arguing that the unfiltered Poto- 
mac water safe water for domestic use. All unprotected surface 
waters are subject specific infection from time time, and this 
one certainly not exempt, shown the close relation traced 
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August September October, 1906 


OCCURRENCE OF BACILLUS COLI 


1 ll P| 31 10 20 30 9 19 29 9 19 

= IN 10 CUBIC CENTIMETERS OR LESS Hi ? 

Positive test Seay by shaded block. 

“ 


Potomac Riyer Water 


Filtered Water 
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THE FILTERED WATER. 


Scales 20 times that of the curves given below. 


300 


Full line... Bacteria 
Broken line ...Turbidity 


THE POTOMAC RIVER WATER. 


| 
il 
it 
! 


DISCUSSION WATER FILTRATION WASHINGTON, 365 


1890 between typhoid fever Cumberland, Md., and Wash- Mr. Longley. 


ington, and reported Dr. George Kober, Washington, before 
the International Medical Congress Berlin. 

The authors have referred briefly the satisfactory sanitary 
quality the filtered water. With regard the numbers bacteria 
the filtered water, determined standard methods, there 
small room for improvement. More significant than the direct 
reduction numbers bacteria the process filtration the 
exclusion, more less complete, sewage organisms. This truly 
the fundamental function filter; and attaining this end 
often much simpler—and almost universal practice—to use, 
the sanitary efficiency filter, the reduction the 
numbers bacteria the assumption that that reduction will like- 
wise measure the decreased risk from pathogenic organisms 
having their origin sewage. The routine work the laboratory 
the Washington filtration plant has included careful tests for 
Bacillus Coli communis, the most typical the sewage organisms, 
and Table given summary the results these tests. 


TABLE RESULTS TESTS FOR Bacillus Coli. 


Number Percentage 

Great Falls Dalecarlia Inlet....... 164 
10 ¢.c. 177 58 33 
pli a ) 1 ce. 242 3 1 
¢.c. 93 0 0 
Tap water from various parts of 
city et | 59 0 0 


considering the effect filtered water upon the public health, 
the significance the occasional Coli becomes 
some importance. Table indicates the presence Coli per- 
centages total numbers samples filtered water examined, 
for several water supplies. 

The effect filtration upon the water supply, measured the 
improvement the public health, all these cities but Washington, 
and many others, too generally known need any comment. 
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The tests determine effect filtration upon water are 
such nature exclude the probability serious error 
ing the percentage reduction bacteria and the elimination 
Coli from the effluents filters. 


TABLE SAMPLES SHOWING THE PRESENCE 
Bacillus Coli. 


| Bacillus Coli in: 


100 c. c. 50 10 lee. 
Philadelphia, Pa., 1905: | 
Upper Roxborough 18.0 
London, England. months ending April 
30th, 1906, Thames filtered waters...... 17.9 8.5 1.9 
Washington, C., months ending 
October 1906, Potomac filtered 


view the excellent results obtained, shown the labora- 
tory examinations, was expected that there would reduction 
the death rate from typhoid fever the District Columbia, 
following the improvement the supply. The diagram, Fig. 17, 
will show that this reduction has not occurred. 

That the District Columbia has not enviable position, 
this regard, shown Table compiled from the mortality re- 
ports the United States Census. 


TABLE 9.—ANNUAL AVERAGE NUMBER TYPHOID DEATHS 
PER 100 000 POPULATION, FOR THE FIVE YEARS, 1900 1904, 


INCLUSIVE, 
City. Deaths. City. Deaths. 

Washington, D. C........... 62.8 es cone 22.4 
Cincinnati, Ohiv................ 55.8 Providence. R.I.... ... 21.3 
Kansas City, Mo........sccccces 48.8 | Fall River, Mass... 19.8 
Indianapolis, Ind..... 48.2 New York, N.Y... 19.2 
Denver, 47.0 Omaha, Nebr..... 19.1 
Memphis, Tenn.. ....... 45.5 Syracuse, Y.......... 18.7 
New Orleans, La........ 44.9 Jersey City, 18.6 
New Haven. 44.5 Worcester, 16.0 
34.7 Bt. Joseph, 13.9 


| | | 
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DEATHS FROM TYPHOID. FEVER, MONTHS, 
AND DEATH RATES PER 100,000 PER YEAR. 
WASHINGTON, 


Typhoid Deaths 


Potomac Water 
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The condition the filtered-water supply has already been set 
forth. addition this, there another supply which 
interest this discussion. the District Columbia there are 
more than 100 public wells, most which are classed “shallow 
wells,” having depths varying from ft. These wells are 
very freely used, especially during the summer months, when the 
high temperature the city supply makes unpalatable. These 
wells have all been examined, and, the strength the analyses, 
they fall naturally into two groups, “deep wells” and “shallow wells,” 
quite different character. The water from the deep wells quite 
generally good sanitary quality. Chemical and bacteriological 
examinations are not all necessary show that the water from 
the shallow wells bad. great many the wells are very close 
the sewers; fact, the drawings the office the Sewer 
Department, some the wells seem directly the line the 
sewers. The ground-water level practically everywhere below the 
level the sewers, that any leakage must from the sewers 
the ground-water. 

This condition the shallow wells brought out very clearly 
the examination the water. Chlorines and nitrates are all ex- 
tremely high, and the Colon Bacillus was found 25% the wells. 
view these results, and more especially view the close 
proximity wells and sewers, wastes, and drainage all kinds, 
safe say that none these shallow wells can used continuously 
without being menace the health the District. 

There are, course, number other factors considered 
affecting the typhoid death rate. The milk supply re- 
garded with some suspicion, and with good reason, some 10% 
the cases during 1906 have been traced quite definitely milk 
infection. hoped remedy this part the situation during 
the coming winter legislation providing for better and more 
extensive inspection service. 

The ice supply Washington probably worse than the 
average. quote from classic work Professors Sedgwick and 
Winslow the subject ice: 

“The general result human experience, the absence epi- 
demics typhoid fever traced conclusively ice, the fact that cities 
like New York, Lowell, and Lawrence have used ice polluted 
streams, and have yet maintained low death rates from typhoid 
fever, all tend support the conclusion which have arrived, 
namely, that natural ice can very rarely vehicle typhoid 
fever.” 

Barring the possibility some extraordinarily unsanitary con- 
ditions existing some the local ice factories, the ice supply 
may probably regarded having important relation this 
question. 


DISCUSSION WATER FILTRATION WASHINGTON, 369 


The question infected shell-fish probably small import- Mr. Longley. 


ance this problem, the maximum typhoid death rates come 
the time year when the consumption raw shell-fish its 
minimum. 

can readily conceived that contaminated fruit and vege- 
tables may have much with the presence typhoid fever 
Washington. apple head lettuce may pass through 
devious routes and through many questionable hands before reaching 
the consumer, who eats with wonderful faith the cleanly habits 
his kind. great deal garden truck and small fruit sold 
the markets Washington grown not far from the city. Typhoid 
fever has prevailed this region for many years, and may easily 
take this course keeping the endemic condition. The writer 
has made examinations quantities fruit and vegetables, and 
has found suspicious organisms surprisingly large numbers 
times. does not seem improbable that good deal infection 
might spread this means, going all classes, all parts the 
city, just the time year when these commodities are most plen- 
tiful the market. 

The colored population Washington offers good field for 
study conditions which favor the spread the disease contact. 
The relative typhoid fever mortality among the white and colored 
population has been the subject some study. The colored people 
class are more ignorant the principles hygiene than are 
the whites. Their circumstances and environment are less favorable 
health. They are more careless their personal habits. 
race, they are more susceptible disease than the whites; this state- 
ment substantiated the fact that the health reports the Dis- 
rict Columbia show greater death rates among the colored popula- 
tion twenty-six out thirty-one causes death cited. And 
perhaps not the least important the fact that they are much more 
gregarious than the white population, which facilitates the spread 
communicable diseases among them. 

Table are given the typhoid death rates the white and 
colored populations several cities. These are based total 
population equivalent about 000 colored people for one year, 
and much larger number white people. Other figures are 
hand, less reliable, but all substantiating those given herewith. 

The figures Table show every case higher typhoid death 
rate among the colored than among the white population, and 
reasonable suppose that the influence this higher rate will 
felt certain degree among the white population with whom they 
mingle. 

course, the white population itself subject infection 
from this cause, too. long people remain untaught the 
necessity for, and the most efficient means of, proper disinfection, the 
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TABLE DEATH RATES PER 
PER YEAR. 


Ratio, 
City, ete. White. colored 
white. 
| 37.7 40.0 1,06 
AND FROM THE REPORT OF THE 12TH CENSUS: 
The United States (entire area, for the year 1900)... .| 43.0 | 73.9 | 1.50 
a nited States (registration area, for the year) | 


progress the disease from this cause will inevitable. And there 
probably little doubt that great deal the typhoid fever every- 
where carried this way, from one person another, some 
cases directly, but more often ways too devious and complicated 
for even the most painstaking observer trace. 

considering the factors that may have influence upon the 
presence typhoid fever the District Columbia, exami- 
nation the vital statistics certain other cities may bring out 
information some value. number cities have been studied. 
They were chosen with regard for their similarity Washington 
good many respects. Leaving out consideration the large float- 
ing population which necessity part the capital city, 
Washington distinctively southern. has larger colored popu- 
lation than any other city the country. Most these cities have 
the large open markets typical the South; and most.of them are 
exposed the dangers from many polluted wells within their limits. 
their public water supplies, five them, Philadelphia, Balti- 
more, Richmond, Cincinnati, and New Orleans, are like Washington 
having surface supplies subject pollution. The other two— 
Memphis and Charleston—have Artesian supplies which, far 
they go, may probably assumed above reproach. 

For purposes comparison, the typhoid deaths, for each month 
and for each city, have been reduced death rates per 100 000 popu- 
lation per year, based the average population during the period 
covered the records used. This seasonal distribution shown 
the diagram, Fig. The figures are equivalent observations 
upon population 000 000 people for period one year. 

The most obvious characteristic all but two these curves 
the similarity the annual temperature curve, has been pointed 
out Professors Sedgwick and Winslow paper the seasonal 
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prevalence typhoid fever. Their general observation was that, 
cities having comparatively pure public water supplies, this curve 
seasonal distribution typhoid fever was similar to, and followed 
little after, the temperature curve; while cities having badly 
polluted public water supplies, the curve was very irregular, bearing 
constant relation the temperature, and having some cases 
several maximum points year. 

this assumption, these cities may grouped two classes: 
Cincinnati and Philadelphia have curves typical polluted sup- 
plies, and the other cities have the characteristic curves following 
the temperature curve. That Philadelphia has had badly polluted 
supply conclusively proven the remarkable reduction the 
typhoid death rates those parts the city served the new 
filtered supply. The evidence strong, too, that Cincinnati’s supply 
badly polluted. The irregularity the curves for these two cities 
much more evident from examination the curves for succes- 
sive years than from the mean curve shown Fig. 18. 

the other hand, two the cities the other group have 
Artesian public supplies which may probably considered above 
criticism, from sanitary point view. The others have surface 
supplies subject pollution, but none them are the conditions 
such make the water supply necessarily serious and constant 
menace. Therefore, view the similarity conditions these 
cities, and the curves seasonal distribution this disease; and 
view the dissimilarity the two cities the other group, 
not readily conceivable that the factors tending produce typhoid 
fever the six cities this class should much the same; and 
that the case Charleston, with its public water supply eliminated 
from the question, might the same Washington, only 
exaggerated form 

peculiar feature these curves suggests unanswered ques- 
tion. The lowest monthly death rates, the cities having curves 
typical “polluted supplies,” come August, September, and 
October, when the death rates the other group cities are 
highest. assumed that these two cities simply have these 
two factors addition the factors common all the cities, why 
they not have high curve during these late summer months, 
addition their “polluted water” curve? 

seeking reasons for the present prevalence typhoid fever 
Washington, amount great previous years, one sugges- 
tion has been made which full possibilities, and which time 
will either prove disprove. What might the typhoid death rate 
have been during this year the filtration plant had not existed? 
quite conceivable that the typhoid due the use Potomac 
River water might have been eliminated more less completely, 
and that this beneficial effect might have been entirely obscured 
abnormal quantity the disease due some other cause. 
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has been common experience many cities that the typhoid death 
rate does not down bed-rock immediately after the improve- 
ment the supply. The decrease often extends through term 
years, and comparatively slight abnormal increase the first year 
due other causes might easily cover the decrease due the use 
better water. This, course, mere conjecture, evidence 
has been found tending corroborate it. 

sum up, Washington has had excellent filtered water 
supply for more than year; the typhoid rate has not been reduced 
the least; the milk supply known the cause some the 
typhoid; considerable suspicion may cast upon the many shallow 
wells, and also upon market products eaten their raw state; 
undoubtedly much infection spread contact, and probably 
some the agency flies. These and other possible factors are 
mingled that the problem very complicated one even those 
most familiar with all the conditions. 

These various factors are touched upon only very superficial 
manner. They are not dismissed settled, any degree, many 
them are conditions about which the writer has but imperfect 
knowledge. The problem being investigated length com- 
petent authorities, and their report, when made public, will throw 
much more light the subject than does this discussion. 
greatly hoped that the results the investigation will point 
the way for definite remedies, and the same time give better 
insight into the conditions under which typhoid fever exists many 
the cities the United States. 

Woopwarp,* (by letter).—In the present situa- 
tion and this paper the writer has special interest, was 
one the representatives the medical Washington 
the efforts that led, the first place, the determination 
purify the water supply, and the second, the use for that pur- 
pose the slow sand process rather than the chemico-mechanical 
method. Lack proper technical training prevents him from dis- 
cussing the paper directly, and will merely submit few queries 
and few facts which may lend point the discussion others. 

the first place, stated that the sand used Washington 
was required the specifications have greater freedom from 
fine particles than the sand used with such satisfactory results else- 
where. This, effect, means that was desired that the interspaces 
between the grains should larger, and that the filter was designed 
with that end view. Why, then, when the excessively fine particles 
suspended the applied water find their way further into the sand 
layer than usually the case, should attributed the peculiar 
composition the applied water, instead the unusual character 
the sand 


* Health Officer, District of Columbia. 


Mr. Longley. 


Dr. Woodward. 


Dr. Woodward. 


374 DISCUSSION: WATER FILTRATION WASHINGTON, 


Again, stated that the water reaching the filters has been 
settled unusual extent, and that filters the same type 
those Washingon have been used America with water set- 
tled anything like much. This, said, the cause that 
peculiar condition the applied water which responsible for the 
penetration suspended matter deeply into the sand, and 
project submitted for the installation apparatus for adding 
coagulant the water and for transforming one the reservoirs 
into more efficient sedimenting basin, order overcome the 
difficulty. The question naturally arises, why necessary 
permit such excessive sedimentation continue? Are not the reser- 
voirs provided with by-passes, and cannot the extent which the 
water sedimented accurately controlled within reasonable limits 
such by-passes? And such by-passes have been used and the 
unsedimented water has been applied the filters without satisfac- 
tory results, why attribute the excessive sedimentation the condi- 
tions complained 

Moreover, has been demonstrated that, matter fact, the 
penetration the fine clay into the sand layer for distance 
in. does harm? Apparently, renders necessary remove 
more sand each scraping, but does not proportionately diminish 
the frequency the scrapings? not the freshly scraped filters 
been found efficient any other freshly scraped filters? And 
has not the bacterial efficiency the Washington filters been equal 
that any filters where the sediment penetrates the sand less 
deeply 

stated that the use coagulant would result conditions 
more nearly approaching what are termed normal, because the sus- 
pended matter the applied water would reduced quantity 
and changed character, being the form loose “floc,” cap- 
able being stopped the surface layer. the excessive sedimen- 
tation the applied water now responsible for the penetration 
the suspended matter unusual depth into the sand, and such 
penetration objectionable, anything gained still further 
reducing the quantity suspended matter using coagulant? 
And certain that the quantity matter suspended the 
water when the surface the sand layer reached would re- 
duced? The quality the raw water subject variations which 
are neither infrequent nor closely limited their range, and the 
quantity water used also fluctuates from time time. Under 
such conditions, can the chemistry and ‘coagulation and 
sedimentation controlled unerringly throw out suspen- 
sion quantity sand and clay excess the quantity pre- 
cipitate that will reach the sand layer? 

And finally, certain that the cost operating the system 
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with the use coagulants would not materially greater than Dr. Woodward. 
now? the very beginning there outlay $105 000 for 
the necessary apparatus for admitting the coagulant and for remod- 
eling one the reservoirs meet the changed conditions. And if, 
the interest and sinking fund based this investment, there 
added the cost labor and material, the total annual cost the 
coagulating works would very considerable. What evidence 
there show that this would offset reduction the cost 
cleaning the Would the collection the precipitate the 
surface the sand permit such extension the length the 
runs the authors the paper The arresting this 
precipitate the very surface the sand might result 
denser layer, would seem, one more nearly impervious 
water, and thus necessitate more frequent cleaning, and increase the 
total cost, even though might not necessary remove the sand 
quite great depth each time. 

After all, the only reason for adding coagulant seems 
guard against the appearance any turbidity the effluent; and, 
medical man and sanitarian, the writer does not take the ques- 
tion turbidity all seriously. cannot agree with the authors 
the paper that the suspended matter turbidity that quality 
the water that makes the greatest impression upon the public. 
granted, course, that the turbidity might disproportion- 
ately high, comparison with the morbidity and mortality rates 
from water-borne diseases, that might attract more attention than 
the latter; but, between high morbidity and mortality from 
water-borne diseases and turbidity merely correspondingly high, 
the public would impressed the long run more strongly the 
sickness and death than the imperfect transparency the water. 
official municipal government that striving hard 
better the physical condition the people under its care, the writer 
questions the propriety the expenditure funds solely for 
the removal turbidity long there are many other outlets 
for the money that promise more definite sanitary and social returns. 
city without public bath-house, without playground worthy 
the name, with miles marshland its very borders, without 
sanitarium for the treatment indigent consumptives the early 
stages the disease, with alleys crying earnestly opened up— 
such city, particularly when there public complaint the 
muddiness its water supply, not position expend $100 000 
and more establish clarification system, and thousands dollars 
annually for its maintenance. 

The possible effect the use aluminum sulphate other 
coagulant public health not considered herein. Too little 
known about public health—and too little about private health, 
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either, for that matter—to speak dogmatically concerning it. From 
the experience millions millions people, extending over 
thousands years, known, however, that pure water which 
has not been ‘treated with coagulant safe beverage, and those 
who seek any given instance introduce coagulant into publie 
water supply must bear the burden proof show that without 
its use pure water cannot obtained, and that from its use harm 
can come, not even through human frailty, which not less than 
the danger that will result solely from the omission the chemical. 

All this written spirit criticism the filter its 
work, nor for the purpose suggesting any impracticable remedies 
for dangers real The writer’s purpose has been point 
out the fact that there substantial evidence that the system 
filtration endorsed the medical profession for use Washing- 
ton cannot made yield perfectly satisfactory results, from the 
standpoint bacterial efficiency and turbidity. The writer knows 
evidence that indicates even that the very plant that has been 
constructed has not given satisfactory results when gauged the 
standard bacterial efficiency, and the only evidence that has ever 
come his knowledge that has not yielded effluent satisfac- 
torily clear has come from those concerned the operation the 
plant, who appear have been dissatisfied times because they 
were unable attain the high standard brilliancy the effluent 
that they have set before them. The public seems satisfied. 

the writer were asked, however, what practical benefit had 
resulted during the year that the filters have been work, would 
compelled say that filtration had done but two things: First, 
has given drinking water which has been clear enough satisfy 
any reasonable person; complaint turbidity has been heard, 
there has been ground for such complaint. Second, the filtra- 
tion plant has stood between the people Washington and the 
inhabitants the basin the Upper Potomac River safeguard 
them against possible infection from that source; if, however, the 
filtration plant has actually prevented single case typhoid fever 
other water-borne disease, evidence has not been discov- 
ered. not stated that has not saved many from such diseases, 
for not known how many might have been afflicted the filtra- 
tion plant had not been operation, but has prevented any 
cases whatsoever the writer has not found any evidence that fact. 
The design operation the filters are not being blamed; from 
the bacteriological records relating the operation the plant, 
would unsafe for anyone without direct evidence. 

The writer being forced the conclusion that all were mis- 
taken blaming the public water supply for the prevalence 
typhoid fever Washington. may be, however, that the boiling 
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drinking water and the use bottled waters for drinking, which Dr. Woodward. 
had become rather common practices after the real extent the 
prevalence typhoid became known, had eliminated considerable 
part the water-borne typhoid fever before the filtration plant was 
put into operation, for about July, 1903, there occurred sudden 
drop the morbidity and mortality rates, and the lower rates 
then established have continued ever since. any event, the writer 
unable formulate any hypothesis explain the present excessive 
incidence this disease the District Columbia that con- 
sistent with the accepted theory the causation typhoid fever, 
viz., that typhoid fever due the ingestion certain bacilli 
have come through either urine feces from patient suffering 
from that disease. But efforts have been abandoned for the pre- 
vention this disease along lines already laid down: the closing 
box privies, and the improvement the milk supply; and 
that the filtration the water supply will continued 
until the end time. hoped that the discussion this 
paper may point some remedy which will afford more speedy relief 
than promised any all the measures heretofore undertaken 
and still progress. 


Koser,* (by letter).—The writer has read with Dr. 
much pleasure this excellent paper, and has considered the question 
which naturally concerns the sanitarian most, viz., the bacterial effi- 
ciency the filtration system and its effect upon lessening the 
typhoid fever rate; and here one once confronted with the 
remarkable fact that, while the bacterial efficiency the Washington 
plant all that could desired, the average number bacteria 
the effluent being only compared with 4900 the raw water, 
apparent decrease the number typhoid fever cases has 
resulted during the first year its practical operation. This would 
seem the Potomac water either not important 
factor the prevalence typhoid fever heretofore assumed, 
that seasonal and influences have been exceptionally favor- 
able for large crop typhoid this year, and that the situation 
would have been infinitely worse had not been for the efficiency 
the filtration plant. The latter explanation should accepted until 
further observation compels different view. decrease 50% 
the typhoid fever rate was confidently expected, the writer 
helieves that about 50% the cases are water-borne, and this, too, 
spite the fact that was the first point out the agency 
flies the spread the disease; about 15% all cases are brought 
the city from mountain resorts returning vacationists; milk 
produced typhoid-ridden districts probably responsible for 15% 
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the cases, and the remainder, about 20%, may spread through 
the agency flies, personal contact, the consumption raw oysters 
raised sewage-polluted oyster beds, the eating strawberries, 
radishes, celery, lettuce other vegetables which have been con- 
taminated infected night-soil. The writer has not had the time 
opportunity examine into the typhoid situation elsewhere, but 
has suggested, those now engaged the investigation the sub- 
ject, the desirability making such comparison. not dis- 
posed exclude the “drinking-water theory” altogether, 
regard the amount typhoid fever now remaining purely “res- 


because all the other factors have operated former years, 


and there reason assume that the milk supply any worse 
now than was ten years ago, for, matter fact, since the 
enactment pure-milk law 1895, there has been decided 
decrease the death rate children under five years age; indeed, 
the percentage deaths children under one year has been reduced 
from 26.94 1893 18.36 1905, due solely the diminution 
the number deaths among children, and not increase 
the total number deaths. The gradual reduction the number 
box privies, from 30000 1871 about 4000 1905, should 
also have resulted reduction the danger from flies the trans- 
mission the germs. The same may said public wells, which 
have been reduced from 171 1895 102 1905; the number 
private wells, however, still matter conjecture. long 
public wells are permitted exist all, difficult estimate 
the part they have the dissemination typhoid fever; they are 
promiscuously used, and, they are located polluted subsoil, 
they must regarded constant source danger, and, upon 
general principles, should condemned. The gradual elimination 
public wells appears extremely conservative policy, 
because wells which from time time are declared infected have 
passed the scrutiny the chemist and bacteriologist for years be- 
fore. The Rivers Pollution Commission,* more than years ago, 
advised the closing all the wells London but three which were 
exceptionally placed. 

the student epidemiology; the situation, the whole, 
extremely interesting and perplexing, and indicates that there 
yet much learned regarding the causes and spread 
fever; but the writer has not ceased hope that the typhoid situ- 
ation Washington will clear up, did Berlin. 

1872 Berlin and Washington were alike primitive munici- 
pal methods sanitation. Without adequate distribution the 
water supply, the larger part their population was dependent 


upon public and private wells. Without sewerage systems, both were 
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alike supplied with makeshifts for the disposal human excreta pr. Kober. 


and waste waters. The unpaved streets were the common receptacle 
garbage, ashes and house sweepings, and along the gutters the 
surface and house drainage were conducted the neighboring 
watercourses. Since Berlin began its system sanitary improve- 
ments, completed 1890, cost 59000000 marks for pure 
and ample water supply and marks for the construction 
sewers, the typhoid fever death rate has fallen from 143 per 
100000 its inhabitants 1872 1894; and the general 
death rate has fallen from 32.9 per 1000 1875 16.4 per 1000 
1904, while the death rate from typhoid fever Washington 
still six times great that Berlin, yet the general death rate 
has been reduced from 28.08 1875 19.20 1905, which 
encouraging, considering the mixed character the population. 

1875 only houses Berlin were connected with the sewers, 


and the general death rate was 32.9 per 1000. 1885 there were 


895 houses with sewer connections, and the death rate was 24.4; 
the Washington rate was 24.9. 1895 the Berlin death rate was 
19.8, and the Washington death rate was 20.5. 

the hope expressed that the 
the authors for the installation coagulating process periods 
great turbidity, may speedily acted upon, and that the general 
installation meters will lessen the waste water and thus permit 
slower rate filtration. These recommendations cannot fail 
‘to increase the efficiency the plant. 


extremely interesting, and makes valuable addition the litera- 
ture filtration public water supplies. The reference the 
proposed preliminary treatment the water opens subject not 
generally familiar that the final ordinary treatment, 
slow sand filtration. This question has occupied share the 
writer’s attention for the past few years, connection with the pro- 
posed filtration the water supply Wilmington, Del., and, while 
financial, legal and other complications have been the means 
preventing delaying the actual construction the contem- 
plated works, the delay has afforded time and opportunity carry 
out some work experimental lines which, the end, may prove 
beneficial the cause. 

The principal object the experimental work was the determi- 
nation the utility preliminary treatment the water prepara- 
tory final filtration the slow sand system: First, establish- 
ing its value increasing the efficiency the sand filters; and 
second, reducing the cost operation. 

The experiments were along mechanical lines, contradis- 
tinction chemical treatment, where coagulant required. 
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The experimental plant consists two preliminary filters, each 
ft. wide ft. long, having effective area acre, 


‘and three slow sand filters, having area equivalent 


acre. The preliminary filters receive the raw water directly from 
Brandywine Creek (which the source supply for the city), 
Two the final sand filters receive the pre-filtered water from the 
preliminary filters, while the third takes the water directly from the 
The slow sand filters are constructed the usual manner, 
and call for special comment. 

Three types preliminary filters have been used the ex- 
periments. Filter No. generally known the Maignen filter, 
was constructed lines advocated Maignen, Assoc. Am. 
Soc. consists lower strainer course large gravel 
broken stone, above which placed about in. coke, and 
top this, in. sponges, which are slightly compressed, and held 
down wooden rack. The water introduced from below, 
through perforated pipe, filtering upward, and overflowing the 
top. 

Filter No. was constructed lines similar those me- 
chanical filters, sand being the filtering medium. series pipes 
with perforated strainers serves carry off the filtered effluent, and 
also introduce air and water for washing purposes. 

Filter No. similar general design Filter No. except 
that charcoal substituted for coke, and the taken the 
top and flows downward, discharging through the strainer system 
the bottom. 

From the information obtained previous commencing these 
experiments, was believed that the sponge filter (No. would 
operate for period from months without undue loss 
head, excessive clogging, but the experience the first few 
months demonstrated conclusively the falsity this hypothesis. 
Within month after starting, springs formed, materially inter- 
fering with the efficiency, and reversal the current (the only 
means then provided for partially washing) did not completely 
remedy the evil. the end two months the loss head due 
clogging was great that the sponge had removed and 
washed. 

effort provide more efficient means for washing this 
filter, air wash-pipes were introduced early February, since 
which time the work this filter has been uniformly satisfactory. 
has been deemed expedient limit the loss head in., 
and, under the conditions existing since February, during which 
time there have been periods excessive turbidity, the periods be- 
tween washings have averaged about days. The rate filtration 
about gal. per acre per hours. 
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Filter No. was operated for several months, but was found Mr. Leisen. 


clog rapidly—with consequent loss head and decrease 
rate—and require such constant attention and such ex- 
cessive quantity wash water, that was thought advisable 
abandon it, unsuited the requirements. 

Filter No. was operation about months, and, while 
showed very high efficiency the start, with slight loss head, 
was found unsatisfactory the end, mud layer several 
inches thick, which formed top the sponges, broke through 
intervals and allowed the water course through, practically nulli- 
fying the efficiency. After repeated efforts overcome this diffi- 
culty, without success, the filter was abandoned. 

Filter No. has removed little 33% turbidity, and occa- 
sionally much 100%, but the average since February, when the 
air-wash was introduced, has been 65% reduction turbidity, 
while the average bacterial reduction has been about per cent. 
For brevity, all detailed statements bacteria and turbidity are 
omitted. 

The influence this preliminary treatment the final slow 
sand filters may summarized the statement that appre- 
ciable difference found the filtered effluents from the creek 
water and from the pre-filtered water, far the final bac- 
terial efficiency concerned, but the final clarification improved 
pre-filtration. Its influence the economy operation, how- 
ever, more marked, the evidence far obtained has demon- 
strated that the quantity water passed through the slow sand 
filters for each run doubled the use the preliminary filter; 
or, other words, the filters fed with pre-filtered water, the period 
between scrapings has been twice long that between scrapings 
those receiving creek water. 

The advantage attained prolonging the duration runs 
the slow sand filters insures both greater economy and increased 
uniformity, with consequent increase general efficiency, for, 
every disturbance the sand beds produces deterioration the 
quality the filtered effluent, any treatment that minimizes the 
number scrapings will evidently tend toward higher average re- 

may assumed that the preliminary treatment referred 
herein simply rapid system sedimentation, and its economic 
value will depend, first, upon comparison the cost construc- 
tion and maintenance sedimentation basin and preliminary 
filter equal effective capacity; and second, upon the combined 
cost construction and maintenance slow sand filter with 
and without the preliminary filters. Both these considerations are 
questions which have determined separately each individual 


case. 
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The data, upon which the foregoing based, are too meager, 
and cover too short period warrant any conclusive deductions, 
but are here presented subject for discussion, pending further 
experiments. 


ments sanitary engineering are taking place rapidly that 
knowledge the merits and faults the latest completed works 
must considered absolutely necessary the engineer striving 
keep abreast the times this branch the profession. 

Perhaps the subject most immediate usefulness the designer 
water purification plants that relating the hydraulics the 
sand-handling apparatus. The writer has seen account similar 
experiments conducted elsewhere. 

These investigations were part the development one 
the most interesting features the works; namely, the installation 
for lessening the cost removing, cleaning and replacing the sand. 
Tho authors’ comparison labor expenses Washington with 
those older plants, while instructive, does not show the actual 
saving total cost brought about mechanical means. For such 
comparison with older plants, where nearly the whole expense may 
charged the cost labor, some account must taken the 
capital invested make the saving possible. 

Estimating from the figures the paper, would appear that 
about cents per cu. yd. should added for interest the 
capital invested. Presumably, also, the wages the laborers are 
much less than the more northern works. The cost handling 
sand Philadelphia stated $1.20 per cu. yd., the latest 
annual reports the Board Public Works being given the 
authority. From the 1905 report, the writer computes the average 
expense cents per cu. yd. 

the case such large filters, with their many acres sand 
frequent intervals, might not economical and 
practicable install some sort mechanical This might 
take the form light traveling crane operated electric 
motor rails attached the piers. inclined and adjustable 
scoop about ft. wide would convey the sand detachable hopper 
holding about cu. yd., the quantity collected one passage 
from end end the bed. reaching the end the filter the 
hopper would run directly over ejector, and detached and 
replaced empty receptacle for the return trip. 

The trend present practice seems away from the use 
wholly devices for regulating the flow the effluent— 
such are used Philadelphia—the opinion being, apparently, 
that, the rate change loss head slow the case 
slow sand filters, the value automatic regulating devices not 
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commensurate with the difficulties involved their construction. Mr. Butcher. 


This, course, not the case with mechanical filters. 

The results the first few months operation have emphasized 
the value and necessity investigations previous construction. 
Fortunately, the case the Washington plant, considerable 
outlay required bring the works into such shape conform 
more closely with the derived from the preliminary 
investigations. 


construction the walls the pure-water reservoir the authors 
conclude thus: lighter steel-concrete wall, buttressed con- 
crete wall, might have been used, with some saving expense.” 
The writer would like know why this was not done. 

The system compensating orifices intended prevent “that 
part the filter nearest the outlet operate rate much higher 
than intended,” commendable. The speaker has used Lower 
Roxborough and elsewhere, and works well comparatively small 
filters, operated high and nearly constant rate filtration; but, 
filter unit with area 560 sq. ft., with rates filtration 
varying from 1000 000 4000 000 gal. per acre per day, the condi- 
tions are different. The orifices made for the 000-gal. rate are 
too large for the 000-gal. rate. What evidence there that the 
orifices computed for the high rate will act satisfactorily for the low 

The stone and gravel underdrains are in. thickness—the 
first layer being in. and the other two in. each. This compara- 
tively thin layer gravel might sufficient for small filters, care- 
fully handled; but, for units acre the speaker would prefer 
deep layers underdrain materials. 

The quality the sand used appears satisfactory. 
small size, compared with the Philadelphia sand. The method 
used for preparing the bank quite interesting. Nothing that 
can done for producing good filter sand accounted 
extravagant. economies are made, they are not tried 
the the work. They are sought the 
general design the plant and the accessories. 

The water pumped directly from the Washington City Reser- 
voir the filters, without passing through any compensating reser- 
voir. The authors, accounting for this omission, say “there 
space available the site selected, all which required 
for the filters.” compensating reservoir with capacity 
000 gal. had been really thought necessary, space 
could easily have been found. The sand courts, for instance, could 
have been reduced size; preliminary filters could have been 
installed, with the object increasing the rate final filtration and 
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reducing the number final filters. This direct pumping appears 
departure from what understood the best practice. 

The authors say: 

“The pure-water reservoir arranged that when becomes 
full will back water against the filters and reduce the rate 
filtration automatically.” 

this 

The general practice operating slow sand filters disturb 
the filtering medium little possible. So-called automatic 
mechanical devices every description have been designed with 
view insuring constant rate filtration, but, general, hand- 
regulation has been found the safest. The filter attendant, first, 
keeps the outlet valves partly closed, and then, the friction the 
upper portion the sand bed increases, which phenomenon indi- 
cated the loss head, opens the valve little little, day after 
day, endeavoring all the time maintain the rate filtration 
constant possible not disturb the filtering material. 
inattentive filter attendant who opens the valves too much too 
little the middle run, and thus brings about variation the 
rate filtration, will not retain his position very long. The auto- 
matic reduction and acceleration the rate filtration, the 
water rises and falls the Washington pure-water basin, com- 
mended the authors, does, every day, and several times day, 
precisely what the filter attendant instructed not do. 

The outlet valves which lead the filtered water into the pure- 
water reservoir are placed elevation about ft. from the 
bottom the filters (the top the 20-in. outlet valve ft. in. 
above). This feature which somewhat unusual, and does not 
appear desirable. Taken combination with the backing 
the water from the reservoir, this feature must have tendency 
keep the sand layer, below and above the outlet valve, 
condition. This loose state the sand may perhaps account for 
the “abnormally long period between scrapings,” and the soiling 
the sand “to most unusual depth.” The authors think that this 
penetration due the fact that the water well settled before 
reaches the filter that “does not contain particles size 
form the surface the sand the sediment layer usually obtained 
the operation sand filters.” This defect, should really 
exist, could easily overcome putting the water those par- 
ticles which are said wanted; these can procured without 
coagulation. 

The authors describe some length the sand-washing process, 
and the illustrations show the very picturesque sand bins. These are 
certainly improvement the old sand courts, but the speaker 
thinks that the bins are unnecessary the courts; both are likely 
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ignored future filter plants favor sand-washing sys- Mr. Maignen. 
tems, about the filter bed, with the immediate return the 

sand its working place. The speaker does not like see dirty 
water going into the bin with the sand. also objects altogether 
the ejector system, mainly because wastes separates the finer 
from the coarser particles sand, and thus gradually reduces the 
efficiency the whole. 

The authors not say anything about preliminary filtration. 
They insist coagulation. The speaker maintains that, the 
average turbidity the water the Washington City Reservoir 
does not exceed parts per million, possible deal with 
physical methods. Coagulation was strongly objected to, for hygienic 
reasons, when the matter came originally before Congress. The 
speaker now objects for financial reasons. The authors say 
will cost cents per million gallons for all the water treated 
throughout the year. Preliminary filtration, with such modifications 
the final filters and their operation might found necessary, 
would not add anything the total cost filtration. The cost 
the installation and operation preliminary filters would more 
than compensated economies the operation the final sand 
filters and the higher efficiency obtained. 


1908. 1904, 1905. | 1906. q 
66 12 8 2 0 0 4 0 | 
| 
157 37 21 17 2 0 6 0 


Totals for 1904 and 1905, ee filter plant was Totals for 1905 and 1906. after «b 


installe the filter plant was installed. 

Cases. Deaths. | Cases. Deaths. _ 


The filter plant was placed operation November, 1904. 


allusion has been made the prevalence typhoid fever 
Washington, may interest know the influence which filtra- 
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Mr. Maignen. 


tion has had this disease South Bethlehem. Table the 
month record typhoid and enteric fever for the four months 
the year which most prevalent—January, February, March, 
and April—during the last four years. 

Henny, Am. (by letter).—The writer visited 
the Washington filtration plant, both before and after its completion, 
believed that pure utilitarianism had been carried its extreme 
the western part the United States, works built for quick 
profits and then only remote localities, but confesses that, when 
visiting the completed Washington filtration plant, was struck 
the total absence any attempt architectural treatment, ex- 
cept the pumping station and the depressed entrances the 
filters. 

far the most conspicuous parts the plant are the elevated, 
concrete sand bins. Whether these could have been built de- 
pressed position and the washed sand could have been returned 
the filters utilizing the pumping plant and pipe lines already 
provided, matter which the authors have undoubtedly consid- 
ered, but possibly only from economic standpoint. built, 
these sand bins are elevated, and, aided their great number, they 
attract attention from afar. 

Large smooth surfaces concrete are never attractive ap- 
pearance, being unrelieved joints and often discolored un- 
sightly ways. There are fine examples, however, simple, artistic 
and comparatively cheap treatment concrete surfaces. this 
instance, attempt appears have been made relieve the bar- 
ren monotony. 

Much may written about the justification the expenditure 
public money for architectural effect, with works 
public necessity, and differences opinion regard thereto will 
always exist. such expenditure justified anywhere, however, 
structures built the United States Government within the con- 
fines the City Washington. 


authors have called attention the increase the cost filter 
construction the present time over that earlier works the 
same character. They also show marked reductions the cost 
some the items incident the operation slow sand filters. 
That the cost operating one the principal points which 
attack filtration problems present made greater import- 
ance the increased costs construction which the authors 
speak. the slow sand plants now operation, process 
construction, the handling large quantities sand each year 
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considerable factor the cost operation, and data the 
sand problem are little importance. 

1901, the writer, while engaged with the Bureau Filtration 
Philadelphia, under the direction John Hill, Am. 
E., was assigned conduct the tests sand ejector and 
washer built for experimental purposes. Those tests demonstrated 
the feasibility ejector system, but time did not permit com- 
plete solution many the interesting problems which developed 
during the course the experiments, and the data here presented 
are given with the hope that they will assist others who have 
deal with sand transportation. 

The experimental plant was installed the Shawmont Pumping 
Station, where water under the desired pressures, and other necessi- 
ties were available. general, consisted supply line 
which meter and pressure gauge were located; cast-iron feed 
hopper, with base constructed such manner that 
horizontal jet water crossed near the bottom from 
nozzle throat; delivery pipe which was varied diame- 
ter, length, and grade, shown Fig. 19; perforated pipe, called 
the sprinkler, placed the vertical axis the hopper for the pur- 
pose washing the sand through the near the base the 
hopper; assortment nozzles and throats; and supply sand, 
with bins for storing and measuring it, and the necessary imple- 
ments for handling it. 

The method conducting test was follows: Having placed 
particular arrangement nozzle and throat the ejector, and 
having regulated the water pressure, measured quantity sand 
was wheeled the hopper barrows and dumped rapidly the 
ejector would away. Each combination was worked its 
full and check observations, for time, and quantities 
sand and water, were made frequent intervals barrow count 
and meter readings. The sand was caught bin placed the 
lower end the discharge pipe, and carted back the upper end. 
Thus the same sand was used repeatedly, and, shown Table 17, 
the change effective size due repeated handlings was noted, 
the idea had been advanced that large quantity the smaller 
particles might carried away the overflow. 

The first series 12, was made cover 
varying pressures, and various diameters nozzles. The ejector 
was fitted with throat which wore down in. during 
the tests. The diameter nozzle was varied from in. in. 
The water pressures ranged from lb. per sq. in. The delivery 
pipe was 4-in. wrought-iron and was laid trestle, that 
the vertical lift from the axis the jet the head the long 
section the delivery pipe was 19.93 ft., and there was fall 5.07 
ft. the length 403.1 the end the long section the 
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Percentage of sand 


Sand, in cubic yards per hour 


Gallons of water per cubic yard of sand 
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Diameter of nozzle in inches Diameter of nozzle in inches 
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the maximum percentage was reached with 


‘780.193 0} 9[ZZ0U 


Bar sand effective size 0.26 mm. was used. The 
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results, plotted Fig. 20, show that the maximum percentage 
Ejecting sand through 403.1 ft. 


sand the mixture, for pressures 30, and 
tance from nozzle throat given, and for pressures and 


nozzle. this stage the experiments, instructions were received 
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that lb. per sq. in. was the working pressure, and the 
bination which would transport cu. yd. sand per hour with the 
least quantity water, should determined. The proposed installa- 
tion covered filters required horizontal pipes. Accordingly, the 
long pipe the trestle was made level, that the lift 12.67 
ft., other conditions remaining practically the same the first 
series tests. pressure gauge was placed near the head the 
delivery pipe, shown Fig. 19, and piezometer tube was at- 
tached the lower end the discharge pipe. measurable head 
was found the latter point, but pressures were observed the 


Sand, in cuble yards per hour 
o 

Sand, in cubic yards per hour 
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DIAGRAMS SHOWING THE RESULTS OBTAINED BY VARYING 
THE DIAMETER OF THE THROAT, FOR EJECTING 0. 26-M. M. 
SAND THROUGH 403.1 FT. OF 4-IN. PIPE LAID LEVEL. 

PRESSURE AT NOZZLE = 7C L&. PER 8Q. IN. DIAGRAMS SHOWING THE RESULTS OBTAINED 

NOZZLE = 9% IN. IN DIAMETER. BY VARYING THE DISTANCE FROM THE NOZZLE 

DISTANCE FROM NOZZLE TO THROAT= 2% IN. TO THE THROAT, FOR EJECTING 0. 26-M.M. 

3000 SAND THROUGH 403.1 FT. OF 4-IN. PIPE LAID LEVEL. 

PRESSURE AT NOZZLE =70 LB. PER SQ. IN. 
NOZZLE = %4 IN, IN DIAMETER. 


~ = 
£& Diameter of Throat, in Inches Distance from Nozzle to Throat in Inches 
21. 


gauge the head the pipe from which the slopes the hydraulic 
grade were computed. The nozzle was selected for the second 
series tests, and the best size throat was determined; also, the 
best distance from nozzle throat. The results are shown Table 
and the diagrams Fig. 21, and indicate that throat 
distance in. from the nozzle would give the maximum per- 
centage sand the mixture, for the rate cu. yd. sand per 
hour, with water pressure lb. per sq. in.; and that the delivery 
could made through 403.1 ft. pipe the use approximately 
1000 gal. water per cubic yard sand. also shown that the 
throat can wear in. diameter before the efficiency 
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the ejector seriously impaired. The adjustments this stage Mr. 
were considered have reached practical limits for the ejector, 

and, comparing Tests and 39, which all factors are common, 

except follows: 


Sand, Water, 
Experi- Net lift, Fall, cubic yards gallons per Percentage 
ment No. feet. feet. per hour. yard. sand. 
14.86 5.07 9.23 093 16.4 
12.67 0.0 9.20 040 17.1 
was demonstrated that there would with the pipes 
laid level. 


The ejector type washer was tried the third series tests 
(Experiments 67, inclusive), shown also Table 13, and 
was found that nozzle distance in. would lift 
sand, 0.26 mm. effective size, 5.71 ft. and deliver through ft. 
horizontal pipe the rate 10.53 cu. yd. per hour, using 254 
gal. water per cubic yard sand per hopper, giving mixture 
52.1% sand, the nozzle pressure being per sq. in. 

Fortunately, this time, dirty filter sand was sent Shaw- 
mont, from the Spring Garden Testing Station, order learn 
how many hoppers would necessary place series com- 
prise washer. The special tests October 9th and 15th, shown 
Tables and 15, followed. 

The test October 15th introduced new factor consid- 
ered—the effective size the sand. especially noted 
the tests October 15th that the adjustments were such that rate 
about 9.5 cu. yd. sand per hour with about 1000 gal. water 
per cubic yard sand was expected. Only 4.5 cu. yd. per hour 
were transported, and the water consumption was 380 gal. per cu. 
yd. sand. Experiments 80, inclusive, Table 16, were ex- 
periments trial, retrial and verification. was finally con- 
that higher velocities were required. The problem was then 
how get the higher velocity without increasing the nozzle pres- 
sure and the water consumption. Upon plugging the discharge end 
the 4-in. pipe, was found that pressure per sq. in. 
could created the head the pipe nozzle, with the 
water pressure for the conditions existing the arrange- 
ment. was considered that the head corresponding was 
more than sufficient force the mixture through 400 ft. 3-in. 
pipe. Sufficient confidence was felt the matter make trial 
3-in. line, and, accordingly, was erected. Experiments 
shown Table 16, followed, and demonstrated the practica- 
bility the 3-in. line within the prescribed limits; and the piping 
for the ejector system was designed that basis. Experiment 90a 
shows that the 3-in. pipe the best size for the conditions experi- 

mented with, for the 0.26-mm. sand well the 0.42-mm. size. 
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TABLE SAND AND WATER. 


Nozzle. 14-in. Throat. Distance. Ib. 
Pressure. Water Used: Nozzle, 44.4 Sprinkler, 59.4 
gal. per min. 


J., and Edison Mines, Mixed), cu. yd. 
washed the rate 10.5 cu. yd. per hour. 


ea as é a PERCENTAGES BY WEIGHT PASSING SIEYES, HAVING 
Ne 
| 
0 |0,40) 1.9 0.385 0.74 | 1.46 |4.93 8.08) |......... 
1 0.35 2.0 -| 0.58 | 1.28 | 2.28 (7.18) 11.65) 99.0/100 250 000 
2 2.0 .| 0.54 | 1.22 | 2.25 16.97| 11.48) 21.05 37 .4/86 .7|100 110 000 
8 0.35 2.0 .| 0.44 1.08 | 2.16 6.77) 11,05) 99.9 000 
4 2.0 0.44 | 1.14 | 2,22 7.80) 11,72 21 .60/38.8/87.4 99 0/100 11 000 
5 |0.83) 2.1 0.48 1,22 | 2.50 |7.99) 13.48) 99 5/100 5 600 
PARTS PER MILLION. 
Overflow from bopper. Times washed. 
Raw 
wash- 
| water. 1 2 8 4 | 5 
Silica turbidity.............. 190 45 000 20 000 7 500 8500 | 2000 
Bacteria per cubic centimeter. 
20 000 550 000 125 000 40 000 84 000 80 000 


Bacterial counts after hours’ incubation. 
¢ Average of 5 samples. 


the experiments with long lengths 4-in. delivery pipe, velo- 
cities from ft. per sec. were obtained. The discharge for 
velocities under ft. per sec. indicated that the sand was but par- 
tially suspended and the mixture not complete. The highest per- 
centage sand attained the mixture was 19.6 per cent. the 
experiments with the washer and the short 4-in. delivery pipe, 
mixture containing 52.1% sand was secured, and flowed like thin 
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TABLE 15.—ANALYSIS SAND AND WATER. SPECIAL EJECTOR AND WASHER TEST, OCTOBER 15TH, 1901. 


3-in. Nozzle. Throat. 23-in. Distance, 70-lb. Pressure. 403.1 ft. 4-in. pipe. Level. 380 
water per cubic yard sand; 4.5 yd. sand per hour. 
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Nozzle. Throat. 23-in. Distance. 60-lb. Pressure. Water used: Nozzle, 44.4 Sprinkler, 
59.4 gal. per min. 10.5 cu. yd. sand per hour. 
and Edison Mines, Mixed). Quantity handled 28.5 cu. ft. 
| 
3s 
0.42 1.8 98.9 280 000 
- — = — = 
> Wash- Times Washing. 
Ye Average Bacteria* per cubic centimeter. 8 200 130 000 34 000 20 000 11 000 6 200 


* Bacterial counts after 48 hours’ incubation. Average of eight. . q Solid matter overflowing from catch-box in which 
+ Average of two. Average of six. ejected sand was caught. 
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Chezy rs. For Experiments 48,the value 
varied from 76, the average being about 66. Experiments 
80, the value varied from 71, which probably ac- 
counted for the rolling the sand and ponding low veloci- 
ties. Experiments 88, where good mixture was secured, 
the values are quite consistent, varying directly with the veloc- 
ity; they indicate, for the first time the tests, that variations 
were occurring regular manner. the wide gaps the 52% 
mixture with the nozzle, using water lb. pressure, giving 
2-ft. velocities 4-in. pipe with good flow for short lift and de- 
livery, compared with the 18% mixtures 9-ft. velocities, when 
the lift was little more than doubled and the pipe was greatly in- 
length, there good opportunity for experiments. 
Also, would interesting get data when the lift made 
some distance from the ejector, appears that the impact given 
particles sand when the lift made the head the de- 
livery line materially affects the efficiency the ejector. 

the winter 1904-05, when stationed the Belmont and 
Roxborough Filter Plants Philadelphia, opportunity was obtained 
for detailed observation the ejector system operation. im- 
portant feature the rapidity with which the throats wear out, 
and the necessity for wearing part that cheap and readily re- 
placed. the search for satisfactory throat, chilled iron, steel, 
lead, copper, wood and rubber, were each given removable 
piece having threads unsatisfactory, because the sand gets 
into the threads. slip-joint which can cleaned with dash 
water appears quite satisfactory. Once, when the stock 
regular throats had been exhausted, and the efficiency the ejectors 
had dropped materially, the foreman the filter attendants made 
bushing from piece gas-pipe and coupling. fitted snugly 
the worn throat, and was successful that supply “pipe 
throats” was provided practically cost, and when needed they 
were quickly placed. was also noted that the sections hose 
used for sand deteriorated very rapidly, and the wisdom keeping 
down the pressure, aside from considerations pumping, became 
more apparent. arrangement permanent pipes, such that 
the shortest possible length hose will used, also quite de- 
sirable. The number gallons water per yard sand 
ejected actual operation greater than was shown necessary 
the experiments. This part due the fact that opera- 
tion desirable have the fewest possible number stops 
the flow, and there are times when the ejector using water, but 
doing useful work. 

The sand dealt with Philadelphia, when dirty, was very sticky, 
and its arching, well toward the top the hopper, was very nicely 
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Effective size, in 

60% finer than 
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PERCENTAGES PASSING SIEVES HAVING FOLLOWING 
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Samples 492 and 494 were taken from measuring box when sand and. water were 
discharged directly into it. Samples 49 to 589 were taken when the waste water was 
flumed across box. Sand shoveled from box. 


ADELPHIA, ALBANY AND WASHINGTON. 


LowErR 
RoxBoro’. 


1904 1905 


! 


UPPER 
RoxBoro’. 


Average cost of scraping, per 
cubic yard 

Average cost of removing, per 
cubic yard. .. 

Average cost of washing, per 
cubic yard. ..... ee 

Average cost of restoring, pe 
cubic yard......... 


Total cost cleaning, 

per cubic yard........ 
Average cost per million gal- 
lons to scrape, transport and 
WOE 
Cost of transporting, washing 
and restoring, per million 
gallons filtered.............. 


$0.21 
0.27 
0.20 
*0.49 


$0.19 
0.25 
0.15 


$1.17 $0.89 $1.28 


0.79 


1.85 


BELMONT. 


1.086 


$0.80 


0.825 


AL- 
| BANY. 


1901 


$0.13 
0.25 
0.39 
0,25 


$0.93 
1.01 


1.66 


Restored barrows—day labor. 
Restored barrows—contract. 

Mr. Gregory, Transctions, Am. Soc. E., Vol. XLVI, 351. 
Average the figures given the authors for cost cleaning per million gallons 


tered. 
Philadelphia, laborers are paid $1.75 for hours’ work. 


At Albany and Washington, laborers are paid $1.50 for 8 hours’ work. 


Philadelphia, 1904, wash-water was charged 
At Philadelphia, in 1905, wash-water was charged at 


is per million gallons. 
per million 


491 2.7 100 
495 100 
498 100 
499 100 
500 coves 100 
587 100 
588 100 
| 
’ | $0.27 | $0.21 $0.06 
0.12 0.09 0.05 
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overcome the jet sprinkler shown Fig. 19, reason the Mr. Vogieson. 
jets striking into the arch, breaking down, and the same time 

preserving the water level the hopper low elevation, which 

was found desirable for rapid work. 

The unit costs for sand handling Washington show marked 
reduction that feature operation. From reports the Phil- 
adelphia Bureau Filtration for 1904 and 1905, and from the de- 
tailed analysis costs operation the Albany Filters,* given 
John Gregory, Assoc. Am. Soc. E., the data Table 
have been collected. 

the figures for Philadelphia, the entire cost for labor, from 
the time entering the filter clean until was shape 
begin back-filling, distributed under the headings Scraping, 
Removing and Washing. 

Philadelphia the cost scraping includes the time required 
for screeding. Removing included all time required for connecting 
and later storing the ejectors and all tools. Washing, 1904, 
for the greater part the year, was carried without sand bins, 
and extra labor was required keep the sand out the sewers, 
which some extent accounts for the reduction cost washing 
1905. will noted that the costs for sand handling Phil- 
adelphia are being reduced from $1.20 per cu. yd., stated the 
authors, which applies the average $1.19 for 1904. The average 
cost for 1905 was cents per cu. yd. 

Moore, speaker was concerned the investi- Mr. Moore. 
gation the question the proper filtration system for Wash- 
ington; the selection the commission (composed Messrs. 
Hering, Fuller and Hazen) which reported favor the slow 
sand system that was afterward installed direction Congress; 
and the choice Mr. Hazen Consulting Engineer, and, nat- 
urally, has been somewhat disturbed the rumors reflecting the 
efficiency the completed plant. Therefore, was with much 
satisfaction that had listened the able discussion, for all his 
doubts had been removed. Without question, the bacterial 
ciency the plant established; and the prevalence typhoid 
fever Washington must accounted for one the numerous 
other ways suggested the discussors. Indeed, the fact was rec- 
ognized from the beginning that the unregulated milk supply, the 
primitive sanitary arrangements (or lack them) certain quar- 
ters the city, and the continued use wells, were all sources 
contagion. 

hoped, however, that the Washington filtration plant 
may completed speedily according the original report. Until 
that final step taken, the use coagulant added point 

* Transactions, Am. Soc. C. E., Vol. XLVI, p. 351. 
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near the Great Falls intake, during periods greatest turbidity 
(approximately one-twelfth the time), not fair the engi- 
neers who planned the system hold them responsible for the 
overloading the filter beds. That result they fore- 
saw clearly and provided against. The responsibility, therefore, for 
any failure reach the very best results must remain with those 
who have hesitated complete the plant according the original 
plans. This hesitation seems unwarranted, short-sighted, and 
wasteful. 


Nora Jun. Am. Soc. (by 
connection with the description the removal the sand for 
cleaning, the authors give some information the laws governing 
the flow sand and water pipes under pressure. little 
known this subject, outline the results experimental 
investigation along this line (made the writer the Hydraulic 
Laboratory Cornell University), and comparison with the 
authors’ conclusions may interest. 

Three series experiments were made, follows: 

Series 1-in. brass pipe (actual diameter 1.0546 in.), 
and coarse grade sand, called Grade This sand lay between 
sieves and mesh, and its specific gravity was 2.64. 

Series the same pipe and fine grade sand, called 
Grade II. This grade lay between sieves and 100 Its 
specific gravity was also 2.64. 

Series 1-in. galvanized-iron pipe (actual diameter 
1.0420 in.), and Grade sand. 

Tests were also made determine the loss head the brass 
and galvanized-iron pipes with water alone flowing them. 

horizontal pipe, about ft. long, was set standards. 
means valve one end, water from tank could admitted 
constant pressure lb. tee was inserted this pipe 
about ft. from the valve. The sand-feeding was 
water-tight cylinder, connected this tee rubber hose. The 
cylinder was refilled with sand after every two three runs. 
Water-jets the lower part the cylinder prevented the sand from 
clogging. varying the discharge these jets, and regulating 
the entrance valve the main pipe, the velocity and the percentage 
sand could controlled. From the tee the up-stream piezom- 
eter length ft. was allowed order insure steady flow. 
The experimental length between the piezometers was about 
ft., both the brass and the galvanized-iron pipes; and the 
discharge was ft. from the down-stream piezometer. The loss 
pressure head the experimental length was read from differ- 
ential mereury gauge; and stop-cock was attached the dis- 
charge that the zeros the gauges could tested frequently 


401 


WATER FILTRATION WASHINGTON, 


DISCUSSION 


iss Blatch 


% 


90 Number at each point indicates percentage of sand. - 
—— Curve obtained with water alone flowing, for mean temperature of 56 Fahr. 
Curves obtained with a mixture of sand and water. 
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@ Reliable Runs First method of reading gauges. 
@ Reliable Runs Second method of reading gauges. 
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under static head. rubber hose was used deflect the flow from 
the waste tank the measuring tank. The latter stood scales, 
that the total weight sand and water discharged during given 
time could noted, and thus the velocity determined. Then, 
measuring the volume sand and knowing the percentage voids, 
the percentage sand could computed. 

Throughout the writer’s experiments, the percentage sand 
was taken equal the ratio the volume sand particles (not 
including the voids) the volume the mixture. The percen- 
tages given Figs. 22, 23, and are computed according this 
Both the Mississippi River Commission and the authors 
used the definition: percentage sand equals the ratio the 
volume sand including voids the volume the mixture. The 
percentages Fig. and the quantities plotted Fig. are 
computed according the latter definition. 

The results these experiments small pipes were compared 
with the data obtained from tests dredges made the Miss- 
issippi River Commission.* these tests, mixtures sand and 
water were pumped through riveted-steel discharge pipes from 
in. diameter. The discharge pipes varied length from 500 
1100 ft. The loss head was measured open mercury 
gauge near the pump. The pipe discharged into measuring barge 
for given time, and then the volumes sand and water together, 
and sand alone were measured. this way the velocity and per- 
centage sand were determined. The sand pumped was ordinary 
river sand having average specific gravity 2.54. was hoped 
that, after determining the laws for 1-in. and 30-in. pipes, the laws 
for intermediate sizes could approximated. 

Figs. 22, and show plottings the writer’s experiments. 
Fig. plotting Series and shows the general form 
the curves obtained. Fig. plotting Series with the re- 
sulting curves. The dotted lines are the curves Series super- 
imposed for the purpose comparing the effects the two grades 
sand. Fig. plotting Series The curves Fig. are 
here again superimposed show the relative effect rough and 
smooth pipes the loss head, the grade sand remaining the 
same. 

From these three diagrams the writer draws the following con- 
clusions for the conditions under which the experiments were per- 
formed: 


For the and data these tests, see Report, Chief Engineers, 
Army, for 18% and 1898. 

Annual Report the Miss. River Comm., 1908, Appendix I-F; and 1904, Appendix 
D. 


Am. Soc. Vol. XL, p. 
Vol. LIV, Part 391 
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1.—Two distinct conditions flow exist; one obtains for low 
velocities, about ft. per sec., and the other for high 
velocities beginning between and ft. per sec. Between these 
two conditions flow transition period, which short the 
sand fine and uniform, and long there great mixture 
grades. 

2.—The total loss head due any given mixture sand 
and water almost constant for low-velocity flow. For the transi- 
tion period with lower power the velocity than the 
loss head due water alone (that is, less than the 1.74 power 
the velocity). For high-velocity flow, the indications seem that 
the loss head with higher power the velocity 
than 1.74. 


c 
| 
© 


AND GRADE SAND 


4 Number at each polut indicates percentage of sand, 
——— Curve with water alone flowing, for mean temp. of 55 Pabr. 

© Unreliabie runs. 

@ Reliableruns. First method of reading gauges, 

@ Reliable runs. Second method of reading gauges. 

Curves obtained with Sand of Grade II, from plotting as shown. 
---; Curves obtained with Sand of Grade I, taken from Fig.22, 


0 1 2 3 4 5 6 7 8 9 10 ul 12 13 4 
Mean Velocity, of Mixture of Sand and Water, in Feet per Second q 


— 


Loss of Head, in Feet of Water per 100 Feet 


3.—The excess loss head, over that when water alone flow- 
ing, greatest for low velocities and least just where high-velocity 
flow sets in. For the first condition flow, with more than 
sand, the loss head constant for equal added percentages. 
The loss head for each sand approximately follows: 


ft. per 1000 ft.—Brass sand.—Series 
ft. per 1000 ft.—Galvanized-iron sand.—Series 


For the first sand the excess loss head greater for the 
lowest velocity investigated, but decreases the above values 
about ft. per sec. For velocities greater than ft. per sec. the 
loss head due low percentages becomes very small, while the 
increment head due equal added percentages sand increases. 


43 ¢ 1 ol7 q 
q 
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4.—In Fig. 23, seen that the loss head due fine sand for 
any given percentage and velocity below about ft. per sec. less 
than that due coarse sand. For higher velocities, the loss head 
seems greater for the fine sand, the highest velocity in- 
vestigated. 

5.—From Fig. may concluded that the total loss head 
greater all velocities for the galvanized-iron than for the brass 
pipe. The excess loss head due the sand greater the rough 
pipe low velocities; rather less medium velocitics, and about 
the same high velocities, the loss head due sand alone 
the smooth pipe. 


EXPERIMENTS WITH PIPE 


Curve with water alone flowing, at a temperature of 55° Iron Pipe. 
Curves obtained with Sand of Grade I and Iron Pipe, from plotting as shown 
“ we « «+ Brass Pipe taken from Pig.22- 
runs ° 
runs. First method of reading gauges .@ 
— * Secor “ @ 


AND SAND-OF GRADE I. 
70 Number at each point indicates, percentage of sand. wy 
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Loss of Head, in Feet of Water per 100 Feet 


10 
[ 
0 1 2 3 4 5 6 7 8 9 10 ll 
Mean Velocity, of Mixture of Sand and Water, in Feet per Second 


Considering one size pipe, the velocity which any given 
volume sand per hour transported through given length 
pipe, with the least expenditure power per unit volume sand 
will called the economical velocity. other words, the 
economical velocity that which the loss head due any 
given mixture sand and water minimum. 

6.—Since the loss head, due any given mixture sand and 
water, for both grades sand and both kinds pipe,* least 
from ft. velocity, about ft. per sec. the most economical 
velocity for 1-in. pipe. 


Fig. the curves obtained with the galvanized iron pipe and the coarse grade 
sand are horizontal below ft. per sec., that the economical velocity might 
considered located anywhere below ft. per sec., well that point. 
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| | 
| | 
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7.—At any given velocity, the higher the percentage sand the Miss Blatch. 
more economical the process. This true for both grades 
sand and both kinds pipe. 

order observe directly the nature the flow the sand 
and water, short glass sections* were inserted both kinds 
pipe. 

was found that, for velocities less than about ft. per sec., 
the greater part the sand was dragged along the bottom the 
pipe very low velocity, practically clear water flowing the 
upper part the cross-section. velocity about ft. per 
sec. large quantities sand began carried suspension. (It 
should here noted that under Conclusion was stated that the 
economical velocity this point.) This change occurred 
suddenly for the fine grade sand, while for the coarse grade, 

which the particles differed more size, the change was gradual. 
the higher velocities, the sand was carried suspension 
throughout the cross-section. 

interesting note that these three stages correspond the 
low-velocity flow, the transition period, and the high-velocity flow, 
mentioned Conclusion Thus the cause the very high 
loss head low velocities due the dragging the sand along 
the bottom the pipe and the small cross-section available for 
the flow the water. The gradual decrease the loss head 
during the transition period due the gradual suspension 
the sand. high velocities the loss head due the sand 
small all the sand being suspended. 

Fig. plotting the dredge experiments the Mississippi 
River Commission, already mentioned. Although the curves corre- 
sponding those Figs. 22, and 24, can only roughly ap- 
proximated, few facts can gained from them. Considering 
the roughness the discharge pipes and the quality the sand 
dredged, the curves Fig. should compared with the curves 
Fig. 24, based experiments with the galvanized-iron pipe and 
the coarse grade sand. 

The great irregularity the tests with the dredge Beta prob- 
ably due the fact that two discharge pipes were used simultan- 
eously and the mean the gauge readings taken, although, 
most the velocities and percentages sand the two pipes 
differed greatly. The curves the dredge Gamma would seem 
indicate that the economical velocity was about ft. per sec., 
while, the dredge Alpha, the economical velocity cannot esti- 
mated. 

When, the dredge experiments, the velocity was allowed 
drop ft. below ft. per sec., the cross-section became par- 


The glass sections were slightly less than in. diameter, and were connected 
the main pipe rubber hose and wire. They were inserted and down stream from 
the experimental length, not interfere with the gauge readings. 
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Miss Blatch. tially blocked, owing large quantities sand settling the 


lower half the pipe. Since, 1-in. pipes, the economical velocity 
the point where large quantities sand were first car- 
ried suspension, would seem that about ft. per sec. was the 
economical velocity for the dredge experiments. This statement 
agrees with the indications the curves for the dredge Gamma. 


PLOTTINGS DATA FROM TESTS 


Numbers indicate percentage of Sand.. Pumping Water alone. On Dredge Alpha this Curve is unreliable, 
Curves obtained with mixture being pumped. © Reliable Tests. Average Sand. © Reliable Test. Gravel, 
A Tests in which head at two pumps differed. more than 6 feet. Unreliable. 
AUnreliable Test. Fine Sand. OUnreliable Tests, 
Mean Velocity in Feet per Second. 
0 2 4 6 8 10 12 14 16 


25% ——; 


DREDGE ALPHA 
Diameter discharge pipe =30 


Loss of Head, in Feet per 1000 Feet. 


GAMMA 
Diameter of discharge pipe = 34 in. 

6 8 10 12 i 16 
Mean Velocity, in Feet per Second. 


w 


25. 


The economical velocity, therefore, varies from about ft. 
per sec. 1-in. pipes about ft. per sec. 32-in. pipes,* but, 
whether not this velocity varies directly with the diameter the 
pipe cannot determined without knowing the results with some 
intermediate sizes. 


mean diameter the discharge pipes the dredges, Alpha, Beta and mma 


| | | | | | 16.0 
50 5 se + 
| | i | | 
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Approximate rules, for finding the loss head for any given Miss Blatch. 
percentage sand the economical velocity, may now given, 
the quantities being estimated from the curves. 

For pipes in. diameter: 

Loss head due water alone 

For pipes in. diameter: 


Total loss head, Loss head due water alone ft. 


feet per per sec. 1.2 ft. per ft. for 


each sand. 

Having stated these conclusions concerning and 32-in. 
pipes, comparison with the authors’ results, using 3-in. and 4-in. 
pipes, will interest. 

Fig. the curves follow one general law for all velocities and 
all percentages sand. plotted points are shown, one can- 
not tell how closely they follow the observed facts. The curves cor- 
respond fairly well with those the writer for high velocities, 
both run approximately parallel the curve obtained when water 
alone flowing. For low velocities, however, the curves differ radi- 
cally every way. 

The effective cross-sections for the various sizes pipe are com- 
pared Table 19. The results obtained with sand Grade and 
the galvanized-iron pipe are given for the 1-in. pipe. 


TABLE 19. 


Velocity. Minimum Velocity Velocity, feet 
inches. which flow economical ve- which all sand 


locity, feet 
often blocked. per suspended. 


6o0r7 9 


The authors give this approximate for finding the loss 
head 4-in. pipe with any given velocity, and percentage 
sand flowing. 


Total loss head, given velocity ft. per ft. 


feet per 000 ft. (constant) ft. per ft. for 


* The writer uses 9.6 ft. instead of 14 ft. as given under Conclusion 8, owing to the 
different definitions the percentage sand, previously stated. The average per- 
centage voids Grade 46.2. 


some additional information the experiments performed Washington. 


| 
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The constant would appear correspond the additional loss 
head for the first sand referred under Conclusion 
the writer’s experiments, but this latter disappears ft. per sec., 
whereas the authors’ constant used for all velocities. 

Concerning the increment loss head alone, the comparison 
Table can made. 

TABLE 20. 


Loss of head, 
feet per 000 ft. 


Di , in inches. | 
due to 1% of sand. 
| 


1 9. 
and 
1.2 


a 


Mean Velocity, in Feet per Second, Diameter, in Inches, 


26. 


The data from Tables and are plotted Fig. 26. Although 
the curves there shown are only roughly approximated for pipes 
ranging from in. diameter, they serve show the gen- 
eral trend results for all sizes pipe in. diameter. 
The writer thinks that, their means, approximations can 
made the size pipe and the most economical working veloc- 
ity that should used under given conditions. 

that the Washington filters, both construction and operation, 
are highly efficient; and that the typhoid the city what 
has elsewhere described residual e., non-water-borne) origin. 


*Professor of Biology, Massachusetts Institute of Technology. 
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Am. Soc. (by St. Cloud mr. Labelle. 


Heights Reservoir, the most recent the three distributing reser- 
voirs Paris, France, typical one, regards covered reservoirs. 
the largest structure this kind the French capital, and 
the writer believes considered French engineers making 
record boldness design.* 

The entirely brick masonry cement mortar. 
The piers are not more than in.; the span the arches 
about ft., and the height the piers the spring the arch 
ft., about thirteen times their width. 

The first bay adjoining the outside walls filled cross-wall 
the first row piers; arched opening, ft. wide, provided 
this wall for sake and favor the circulation water. 
This cross-wall receives the thrust the ground arches the next 
bay; not bonded with the outside wall, but stands about in. 
from it. arches are thrown over the cross-walls, and are 
groined the second bay and run over the outside walls the 
other end. 

These arches (and the writer presumes all the arches the 
structure) have concentric intrados and extrados, and are built 
two rings brick, laid flat; the brick about in. thick, that, 
allowing in. for the joints, the arch about in. thickness, 
uniformly, from spring crown. The rise about one-fifth the 
span. The arches have the usual quantity earth covering and 
manholes. Spiral staircases are provided 
different points. 

The outside walls are about in. thick the top, and are 
plumb the inside the reservoir. Unfortunately, the writer has 
not been able ascertain the thickness the bottom the wall; 
probable, however, that there, also, the design very econom- 
ical. any rate, the outside walls which have support the em- 
bankment, have not come contact with the cross-walls above re- 
ferred places inspected the writer. 

the design this reservoir, the system groined arches 
independent the outside walls, which not receive any thrust 
whatever from the inside when the reservoir empty. 

the outside walls covered reservoir are important part 
the whole masonry, the writer believes that considerable saving 
could made the so-called gravity sections substituting for 
them armored-concrete buttressed walls, connection with the 
cross-wall design the St. Cloud Reservoir. 

1903 the writer had design new system water 
supply for Cuba, and concrete covered reservoir 
formed part the works. Comparative estimates having been 
made, between all-concrete and armored-concrete structure, 


* The reservoir is said to have been designed by Belgrand. 
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was found that economy $50 000, 20%, could obtained 
the adoption the latter design. that time the designing 
concrete-steel structures was not well understood the 
present time, and the writer now realizes that was ultra-generous 
the quantity steel used, and that least $10000 more could 
have been saved this item, without impairing the stability the 
structure. 

The 72-in. Venturi meter concrete, described the authors, 
certainly step forward the evolution this eminently useful 
device. 

D.—The speaker has taken great in- 
terest the Washington water supply, especially with reference 
water-borne diseases. Mr. Longley has stated, Dr. Kober, 
paper read Berlin 1890*, first called the attention the pro- 
fession the Potomac water supply being the probable cause 
increase typhoid fever. 

February, 1894, the late Dr. Smart, the Army, who was 
recognized leading sanitarian and authority upon water puri- 
fication and analysis, read paper before society organized 
Washington for the purpose disseminating knowledge regard 
the sanitary condition the city. 

The city was deplorable condition, the sanitary regulations 
were few, limited, and many cases primitive, and there were 
regulations regard milk. Dr. Smart’s paper dealt largely with 
the Potomac water supply, and attributed the high death rate from 
typhoid and typho-malarial fever its condition. The public be- 
ing invited take part the discussion, the speaker took issue 
with Dr. Smart, maintaining that there were other causes present, 
and that the city death rate given Dr. Smart 
greater than the city deserved. Subsequent investigations sustained 
Dr. Smart’s contention the number deaths. Two days later, 
meeting the Medical Society the District Columbia, 
the speaker called attention Dr. Smart’s paper, and asked 
was the experience the profession that such high death rate 
from typhoid fever had prevailed, had had very few cases 
during the previous year, and had frequently received letters from 
people throughout the country asking whether they could spend 
their winters Washington with freedom from typhoid malaria. 
Dr. Billings also took issue with Dr. Smart’s statements, and said 
that was the opinion that other causes than Potomac water pro- 
duced the diseases. result the discussion, Drs. William 
Johnston and Hammett, and the speaker, chairman, were 
appointed committee investigate the subject. 

The committee’s investigation extended over months, and its 


Published the Transactions the International Medical Congress. 
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report, submitted the Medical Society June 6th, 1894, showed Dr. Magruder. 
that there were several factors tending produce these diseases: 

(a) the Potomac water supply; (b) the pollution the soil with 

leakage from privies, from defective sewers, and from backing 

sewage from tidal action; (c) the drinking well pump water; 

and (d) contaminated milk. 

Among the recommendations this committee—unanimously 
adopted the Society—were: The construction works for the 
filtration the water, the only proper method purifi- 
cation; the abandonment, rapidly possible, all wells within 
the city limits; the repairing defective sewers; the extension 
water supply and sewers; the making house connections the 
sewers; careful inspection all dairies the District from which 
the milk supply drawn; and the enactment law which 
milk shall sold the District without permit from the Health 
Office. The imspection should cover examination all possible 
sources infection the dairies, including the water supply. 

making these investigations, was found that, that time, 
there were more than 200 wells the city, and, through the kindness 
the Surgeon-General the Marine Hospital, Dr. Kinyoun made 
bacteriological tests these wells, which showed sewage 
contamination; and recommended that they closed once. 
was found that the city authorities were engaged relaying 
many the sewers which had been constructed the Board 
Public Works. number cases, where the sewers were being 
relaid, was noticed that the joints the old sewers were defective, 
due improper construction. Sometimes only half the water 
passed through the sewer, the other half soaking into the adjoining 
soil; and some cases the stream was actually traced running into 
wells. 

The District Commissioners were much impressed with the 
value this report that the attention the Committees the 
District Columbia the Senate and the House Representa- 
tives was called it. The Medical Society was invited these 
Committees present this report, and was first presented the 
Committee the House Representatives. This Committee was 
also much impressed with the importance the text, maps and 
diagrams, which were very exhaustive, and had published 
Congressional document. Promptly following this presentation, 
much sanitary legislation was secured, including law governing 
the milk supply. 

Dr. Woodward, the present Health Officer, was appointed after 
this investigation. has endeavored persistently improve the 
conditions, and supervise the milk supply, well could 
with the limited means his disposal. 
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the Health Officer’s report for 1895, special report was made 
Dr. Kober upon the typhoid fever occurring that year. All the 
conclusions the committee, which the speaker was member, 
were indorsed. Further tests the water supply were made. Dr, 
Walter Reed made bacteriological tests number the wells 
the District Columbia, and found the same condition 
sewage contamination had been noted the year before. that 
time the water supply dairy farms was examined; and 
them showed sewage contamination. 

During the summer 1906 there was increase the number 
cases typhoid fever, compared with the same season 
1905. The public prints were teeming with articles condemning 
the water supply and questioning the efficiency the filtration 
plant. were received from different parts the country 
asking what meant, and why typhoid fever had increased such 
degree. Again realizing, 1894, the damage that these re- 
ports were doing the city and the process sand filtration, the 
speaker took occasion consult Captain Spencer Cosby, United 
States Corps Engineers, charge the Washington Aqueduct. 
Tables and 22, kindly furnished him, show the great efficiency 
the plant. The report the Lawrence beds furnished for the 
sake comparison. 
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June 30th, 1906, the District Commissioners, being very 
solicitous about the prevailing conditions, addressed letter 
Surgeon-General Wyman, the Bureau Public Health and 
Marine Hospital Service, and invoked his aid ascertain the causes 
the continued prevalence typhoid fever, notwithstanding the 
completion the filtration plant. The speaker, conversation 
with the Surgeon-General, laid great stress upon the milk supply 
being important factor the causation the trouble, and 
urged most thorough investigation this subject, maintaining 
that the Potomac water supply did not materially influence the 
disease. Drs. Rosenau and Lumsden, and Mr. Kastle, the Hy- 
gienic Laboratory, were appointed commission pursue these 
investigations. About August 10th, they reported Surgeon- 
General Wyman that, that time, they found the principal 
source infection the water supply, from the fact that they 
found Colon Bacilli some the samples Potomac water drawn 
from taps and many the shallow wells. From this re- 
port the Surgeon-General suggested the District Commissioners 
that the Potomac water should boiled before being used for 
drinking. 

Dr. letter created quite additional disturbance 
the newspapers, and caused more editorials throughout the country. 
People seized the opportunity criticise the water supply system, 
and various manufacturers ozone purifiers, took advantage 
the oceasion praise their methods. 

The speaker discussed the matter with the Secretary Agricul- 
ture, drawing his attention the record the efficiency the 
filtration plant, shown the bacteriological observations car- 
ried Mr. Longley. The Secretary agreed that the condition 
the milk supply was very serious source infection, and 
result these discussions, authorized consultation with the 
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Dr. Magruder. chiefs certain divisions his department for the purpose 
investigating the questions and especially the efficiency the fil- 
tration plant and the condition the milk supply. 

very careful record the bacterial examinations the water 
supply Washington had been kept, both before and after the in- 
stallation the filtration plant, and happened several occa- 
sions that there were very high counts bacteria the water 
drawn from the taps two the laboratories there. These high 
counts were far excess any that had been obtained any time 
the laboratory the filtration plant, and gave good ground 
doubt the efficiency the plant. there was question his 
mind, and among his scientists, was decided that would 
very desirable have conference between Mr. Hardy and Mr. 
Longley, who were charge the filtration works, and the scien- 
tists the Agricultural Department. 

This conference—authorized the Secretary—was held about 
September 22d, 1906, and was agreed institute series check 
experiments. The scientists the Department Agriculture had 
made their counts from agar plates, while those the filtration 
plant had been made from gelatine plates. They agreed go, day 
day, and secure samples from the same sources, use the same 
media, exchange notes, and see whether the high counts could 
found again. From that time the present those check experi- 
ments have been going on, and once week representative from 
the Department Agriculture and representative the filtra- 
tion plant visit every portion the city, take the effluent water from 
the filter beds and draw water from the taps, take the samples 
the laboratories, grow them upon the same media, and compare 
notes. The results have been uniformly the same. addition 
these special observations, daily tests have been made. The Sec- 
retary Agriculture has also ordered thorough inspection the 
900 dairy farms that supply milk Washington. This inspection 
will include extended series bacteriological tests the water 
supply many these farms. the present time, many have 
been found very bad sanitary condition, and the water supply 
large percentage them has been found contaminated. 

Another very interesting feature relation contamination 
and bacteriological count has happened the last few days. Dr. 
Kober, his paper 1890, called attention apparent con- 
nection between outbreak typhoid fever Cumberland, and 
increase the same disease Washington short time after- 
ward. The Washington papers October 28th, 1906, contain re- 
port very serious outbreak Cumberland, there being that 
day more than 100 cases there. The speaker recently asked the 
authorities the Agricultural Department, and also Mr. Longley, 
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the bacteriological count the filtered water. Both reported Magruder. 


that for the last two three weeks the Coli have not increased. 
During the week ending October 28th, and the present time, 
they found that typhoid had diminished Washington. seems 
safe say that, Cumberland was the cause the disease 
1889, filtration has saved Washington 1906. 

study the Health Officer’s reports from 1895 the 
present time, with view trying account for this condition, has 
brought out some very important points. the report for 1895, 
Drs. Busey and Kober presented very extended paper upon milk 
infection the cause disease, and there mentioned 131 epidemics 
typhoid fever, besides scarlet fever and other diseases, following 
milk infection. few years ago the speaker traced cases 
typhoid fever one dairyman’s farm. This dairyman had typhoid 
fever his family, and the refuse from the patients was thrown out 
the dump. The milk cans were washed the same water that 
the family used, and the cans were contaminated this water. 

Investigations during the past summer into the influence the 
milk supply upon typhoid fever have shown that cases were traced 

One the bacteriologists the Agricultural Department gives 
report his examinations the water supply certain dairy- 
man who found cases typhoid fever the families whom 
supplied with milk. had little farm outside the District, 
and being quite anxious about it, engaged this bacteriologist 
examine the spring supplying water for his farm. Almost 4000 
bacteria per were found, and most these were sewage 
character. The vessels containing the milk were immersed the 
spring, some the water got mixed with the milk, and the pa- 
tients had been poisoned it. 

St. Elizabeth’s Hospital has about inmates, and there has 
not been case typhoid fever among those who lived the 
premises. There were cases among employees, and those cases 
arose from eating ice cream from little saloon kept family 
which there was typhoid fever. Every drop milk used that 
hospital Pasteurized. The water supply from very deep wells, 
and the hospital authorities seem think that the reason for the 
exemption. 

Now, the speaker’s contention, the Washington condition, 
that the milk really much larger factor than has been ad- 
mitted either the Health Officer many writers the con- 
dition the city’s health. His reason for saying this also 
strengthened the Health Officer’s reports. There are 900 farms 
supplying milk Washington. The Health Officer has about five 
officials for the inspection these dairy farms, and, with this 
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force, impossible perform the proper service. Samples the 
water supply are brought in, when the inspector thinks bad, and 
then only examined chemically. During 1903 and 1904 was 
found that farms had suspicious water. Samples were brought 
town and examined; showed chemical analysis that they were 
unfit for use, and they were condemned. The others were consid- 
ered good. that case, out 46, more than 50% was condemned 
unfit for use. 

During 1904 and 1905 there were suspicious farms, and, speci- 
mens the water having been examined, were condemned 
unfit for use, several the remaining specimens were suspicious, 
and the others were considered good, chemical analyses. There 
bacteriological laboratory under the District Government, and 
chemical tests alone are used for the water supply dairy farms. 

When considered that Dr. Kinyoun examined farms 
and found the water them contaminated with sewage, and 
that the water supply another farm was found contaminated with 
sewage and reported the bacteriologist from the Department 
Agriculture, there are strong grounds for assuming that milk 
one the most important factors regard the increase 
typhoid fever; and there every reason thankful that the 
filtration plant has preserved the city from the contamination 
above. 

The report the Commission, appointed the Surgeon-Gen- 
eral, the Public Health and Marine Hospital Service, approved 
the Secretary the Treasury, will probably one the most 
valuable reports that will published years. will ready 
December, 1906. 

There regulation Washington governing the tempera- 
ture which milk should delivered the customers, nor are 
there any regulations requiring bacteriological count. Already, 
during July and August, this Commission has found that much 
the milk delivered temperature exceeding 65° fahr.— 
some high 75°—and that the bacterial count, instead being 
low half million, which the legal standard for Boston, ran 
the numbers, 60, 70, and even 100 million bacteria 
per More than 300 samples milk, from different 
dairies, were tested. This report will cover the analyses every 
pump Washington, every public pump, the daily tests the tap 
water from the laboratory there, and tests the tap water each 
typhoid fever. The Commission has examined 800 cases 
typhoid, and each case the milk supply has been tested, and also 
the water supply, whether from public pump, private pump, 
from the River. The Commission has also examined the 
fruit, the market vegetables, and things that nature, and the re- 
port will very exhaustive. 
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unusual interest, for several reasons. the first paper read 
before the Society the construction and operation filters 
this type America, exclude the valuable paper Messrs. 
Knowles and Hyde the special type filter Lawrence, Mass., 
since the presentation some seven years ago Mr. Hazen his 
very valuable paper the Albany filters. 

The Washington filter plant the largest now operation 
America, and, while was designed, built and put operation 
later date than some the sand filters Philadelphia, 
the first plant fully described one' paper showing the 
changes which have been made since the Albany plant was designed 
some years ago. further interest that deals with 
much more turbid water than the Albany filters, and that 
some particulars advantage could taken Washington cer- 
tain important tests upon sand filters which were conducted 
Cincinnati, Pittsburg and New Orleans, well upon the Potomac 
water itself Washington. 

the construction these works, there are many instructive 
features, and well worth while for those interested this 
line work study carefully the modifications which have been 
made Washington compared with the designs Albany and 
elsewhere. One the most instructive these the fact that 
sand filters can constructed satisfactorily upon deep fills carefully 
prepared. The fact that some settlements occurred the Washing- 
ton filters points where they were built upon old fill, made be- 
fore the land was purchased and surveyed the Government, 
way detracts from the soundness the experience above 
stated. 

The manner making the expansion joints the various con- 
crete walls worthy note, seems rather more effective 
than that followed number places with which the writer 
familiar. 

The writer has taken unusual interest the very successful 
out the Washington filter project, due part his 
early connection with the project member the engineering 
committee, appointed the United States Senate Committee dur- 
ing the winter 1900-01, make recommendations the 
method filtration adopted. There are many features the 
project which are well worth detailed discussion, but the writer 
will himself four points, follows: 

1.—Preparatory treatment the river water. 

the filter sand. 

cleaning the sand filters. 

the filter plant the prevalence typhoid fever 

Washington. 


Fuller. 
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Mr. 1.—Preparatory Treatment River Washington 
receive water from the Potomac River, which passed 
through set three reservoirs, more less irregular shape, 
and holding about days’ supply. The displacement the water 
flowing through these basins not complete, and, general terms, 

there effective period about days’ subsidence. 

The experiments conducted under the direction the late 
Miller, Am. E., were made water which had not 
passed through the Washington City Reservoir, then under construc- 
tion. The conditions sedimentation, therefore, were not fa- 
vorable they have been during the last year. Col. Miller recom- 
mended that mechanical filters adopted, owing the amount 
clay the settled water overtaxing the sand filters 
This recommendation was strenuously opposed the Medical 
Society and the Health Officer Washington. 

The Engineering Committee, Messrs. Hering, Fuller and Hazen, 
whom the matter was referred the United States Senate Com- 
mittee the District Columbia, reviewed the local evidence and 
compared with experiences available Pittsburg, Cincinnati and 
elsewhere. The Committee recommended the adoption sand 
filters aided the use coagulation during periods marked 
turbidity the water leaving the reservoirs. 

noted the paper that the coagulating department the 
purification works Washington has never been constructed. 
understood from the discussion Dr. Kober that the official 
opposition the Medical Society Washington longer obtains, 
but apparent from the discussion Dr. Woodward that his 
opposition still continues. 

far the writer knows, every engineer who expert 
matters water filtration has advised the use some adequate pre- 
paratory treatment which will reduce the turbidity clay-bearing 
waters certain point that sand filters may perform effectively 
and economically the duties for which they are intended. 

not new story that sand filters cannot deal effectively 
with very muddy water. The late James Kirkwood, Past-Presi- 
dent, Am. Soc. E., satisfied himself upon that point, during his 
connection with the St. Louis Water-Works Chief Engineer, 
more than years ago. The same conclusion was reached 
Charles Hermany, Past-President, Am. Soc. E., result 
tests conducted the Crescent Hill Reservoir, Louisville, Ky., 
1883-84. Professor William Ripley Nichols was aware these 
shown his statements his article “The Filtration 
Potable Waters.”* The experiences these gentlemen were 
obtained testing sand filters during the days prior the dawn 
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modern bacteriology. Pittsburg and Cincinnati the effect Mr. 


turbid waters reducing the bacterial efficiency filters during 
periods prolonged freshets the rivers was studied with care. 
Cincinnati, the amount turbidity, and the duration the 
periods, the Ohio River, afforded good opportunities for studying 
this point. The tests conducted there 1898 for period about 
months, under the charge the writer, led the conclusions 
stated his the late Bouscaren, Am. Soe. E., 
Chief Engineer, Cincinnati Water-Works, follows: 


“While English filters are able remove satisfactorily 
average about 125 parts silt and clay the unsubsided water, 
actual experience (see Chapter Section shows that they can 
regularly handle suspended clay subsided water amounts 
ranging only high from parts (depending largely upon 
the amount the clay stored the sand layer), and averaging 
about parts per million. But true that for two three 
days short rises the river, the beginning long 
freshets, the retentive capacity the sand layer allows satis- 
factory results with the clay the applied water considerably 
excess parts. this capacity greatly overtaxed, however, 
the advantage merely temporary, the stored clay washed 
out later, producing markedly turbid effluents. 


“Tt necessary this review call attention several abnor- 
mal characteristics importance which appeared the study 
the local water, follows: 

“1, The comparative absence organic matter the water 
capable forming gelatinous the sand grains times 
when was needed most. This was apparently due part the 
removal the organic matter attachment sand and silt de- 
posited the river, and part further removal the subsiding 
tank. 

“2. The minuteness the clay particles the sudsided water, 
and difficulties retaining them and near the surface the 
sand layer, especially the comparative absence organic matter 
adapted increasing the retentive capacity the sand.” 


“The system purification under consideration (plain sub- 
and sand filtration) was unsatisfactory along three lines, 

“1, times prolonged freshets the turbidity the filtered 
water was great that had the brownish appearance the 
unfiltered water, frequently containing over parts per million 
suspended clay, amount and character which makes 
doubtful whether could removed second filtration. 

“2, times freshets the penetration and retention the clay 
within the main body the sand layer would make the cost 
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scraping greater, and would apparently necessitate the 
tion the entire sand layer much more frequent intervals than 
normally the case present practice with this type filter. 

“3. When the filtered water was turbid and brownish for some 
little time there was marked tendency towards diminution the 
bacterial efficiency the During the long freshets fre- 
quently during the winter the evidence points the mat- 
ter one serious significance.” 

The Mississippi River New Orleans much more turbid 
than the Ohio Cincinnati. set tests the use sand 
filters under various conditions for the new river supply New 
Orleans was conducted under the direction George Earl, 
Am. E., Chief Engineer, with Weston, Assoc. Am. 
E., immediate charge. These tests, under the oversight 
the writer, Consulting Engineer, continued for period 
about months, beginning the autumn 1900. Some the 
results were available the time Messrs. Hering, Fuller and Hazen 
made their report upon the Washington project. The conclusions, 
stated Mr. Weston his report Mr. Earl,* are follows: 

“The Mississippi River water, after having been settled for 
hours, characterized the absence organic matter capable 
forming gelatinous films the sand, and the presence large 
numbers very fine particles clay. These clay particles them- 
selves are somewhat gelatinous their nature, and act within 
certain limits substitute for film-forming organic matter. 
These clay particles are size—many them less 
than 0.00001 inch—0.00002 millimeter—and, when present num- 
bers exceeding certain limit, penetrate deeply into the sand layer. 
Under these circumstances the operation the filter, long con- 
tinued, may seriously interfered with, and the removal 
bacteria, well the clay particles, may become unsatisfactory. 


* * * * * * * 


“During the latter part this investigation—summer weather— 
was found that the filter produced effluent satisfactory char- 
acter when the turbidity the influent did not exceed 150 parts, 
silica standard, 120 parts suspended matter. With well- 
ripened filter, constructed and operated under these conditions, 
very doubtful whether satisfactory effluent could obtained 
all times with unfiltered water turbid stated above. Gen- 
eral experience certainly indicates that this would not always 
the case. 

* * * * * * * * * * 

judicious with this method purification (coagulation 
basins and sand filters) during periods muddy river water apply 
sufficient coagulant make the filter influent contain not much 
more suspended matter than could satisfactorily removed from 


Report Water Purification Investigation and Plans Proposed for Sewerage 
and Water-Works Sewerage and Water Board, New Orleans, 1908, pp. 109, 
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water which had not been treated with coagulant. The available mr. 
evidence indicates that would desirable keep the turbidity Fuller. 


the effluent the coagulating basin below about parts per 


For explanations the physical action sand filters, see Mr. 
Hazen’s paper “On and the that 
paper the writer. 

The writer just firmly the opinion to-day was when 
signed the report Messrs. Hering, Fuller and Hazen, Feb- 
ruary, 1901, that the Washington sand filters times require fur- 
ther preliminary than afforded the Potomac water 
plain subsidence the present system reservoirs. fact, the 
experiences the last six years, obtained New Orleans, Wash- 
ington, and elsewhere, make the proposition clearer than was 
before this style filter plant was decided upon for Washington. 

The reference the use coagulants Dr. Woodward will 
doubt answered the authors the paper. passing, 
may noted that Dr. Woodward’s reference the persons upon 
whom should fall the responsibility for proving the sanitary effect 
coagulation seems turned about. fact that coagu- 
lants for both public and private water supplies have been used for 
thousands years China, Japan, India, and Egypt, and that 
experience means confined the four million people the 
United States who are regularly using water which treated with 
coagulants. The use coagulants for very muddy waters not 
only imperative, but now recognized standard procedure 
among engineers who give special attention this branch work. 
Whatever may the objections the use coagulants some 
localities where the waters are very soft, the judgment the 
writer that the alleged sanitary danger the use coagulants, 
under such conditions Washington, based upon fanciful and 
speculative reasons. 

interest note that recently the use coagulants 
Europe has become more prevalent than was few years ago. 
Last winter, visiting the filter plant the Bremen (Germany) 
the writer was interested note that during muddy- 
water periods sulphate alumina being regularly used con- 
nection with double filtration. was stated that average this 
coagulant would used probably about days year. 
Schiedam, Holland, connection with double filtration, the muddy 
water the River Maas also regularly coagulated. Gouda, 
Holland, coagulants are also used. fact, would not difficult 


Transactions, Am. Soc. E., Vol. 


for Public Water Supplies, with Especial Reference the 
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find quite list places where the value and importance this 
method treatment recognized practice. Perhaps the most 
important place not already mentioned Antwerp, Belgium, where 
sand filter plant operated under the direction Dr. Adolph 
the well-known specialist water-supply matters. small 
amount coagulant constantly used the Walheim works; and, 
during freshets, much used required coagulate the 
water thoroughly. 

interesting note that, both Bremen and Antwerp, this 
treatment following heavy rains resorted to, notwithstanding the 
fact that the present coagulating basins afford period only about 
hours’ subsidence, and this too short allow all the hydrate 
deposit before the water enters the filters. 

very unfortunate, the writer’s opinion, that this con- 
troversy over the preliminary treatment the Washington water 
has continued the present time, indicated Dr. Wood- 
ward’s discussion. There doubt whatever that Mr. Hazen 
thoroughly sound his contention for the construction pre- 
liminary works; and, support Mr. Hazen’s position, the writer 

This subject cannot dismissed without stating that thus far 
the Washington filters have not received much clay the records 
earlier years show that they will the future, reliance 
placed solely plain subsidence. During the past year the very 
muddy-water periods Great Falls have been quite short dura- 
tion, and has been possible these occasions shut the head- 
gates the aqueduct for several days time and draw from 
storage. This will not always possible. 

the question giving turbid water adequate preliminary 
treatment other methods than coagulation, the experiences 
Philadelphia, and those outlined Mr. Leisen Wilmington, 
indicate that attention such matters required the case 
waters where the turbidity does not become too great. What the prac- 
ticability roughing filters for the Washington water the writer 
would not attempt say without further study. 

this long-continued controversy over Col. Miller’s recom- 
mendation for the use coagulants, least for periods very 
muddy water, not soon settled, would seem almost incum- 
bent upon the authorities have this matter fully and finally re- 
ported upon committee upon which there will representation 
all conflicting views. 

2.—Preparation the Filter feature most in- 
terest the writer during the construction the Washington 
works was the very economical and effective manner which the 
filters were charged with layer high-grade filter sand, taken 
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from banks where much clay was mixed with the sand. The use mr. 


the washing box described the paper, adaptation certain 
principles used washing mechanical filters, and, fact, the 
entire arrangement for handling the sand, reflects great credit upon 
the engineers and the contractor. the writer’s opinion, this 
matter was handled better Washington than any other place 
with which familiar, either America abroad. 

The writer fully accord with the authors the manner 
handling the sand question distinguished from the suggestions 
Dr. Woodward, that the clay was too thoroughly removed. The 
wisdom removing this clay will apparent any one who has 
studied the tests conducted the writer Cincinnati, where the 
storage clay within the sand layer during periods application 
muddy water caused the sand layers become seriously over- 
loaded. fact, there were instances Cincinnati, following floods 
the Ohio River, when sand filters received water which had been 
settled some two days so, and was more turbid after passing 
through sand filters (with the sand layers overloaded with clay) 
than was before reaching them. These are the conditions 
under which the bacterial efficiency sand filters show well-defined 
deterioration result inadequate preparation the applied 
water. 

8.—Method Cleaning the Sand the feature, 
connected with the construction and operation sand filters, where 
the most marked advance has been made during the last few years, 
and where future improvements will most conspicuous for some 
time come. The Washington filters, designed 1902, mark 
substantial step advance the economy cleaning sand layers, 
shown the cost data presented the paper. Compared with 
the cost cleaning sand filters some five years ago, the. Washington 
data are very gratifying indeed. 

Water-carriage, transporting sand from one place another, 
utilized very advantageously, compared with earlier plants 
Albany, Lawrence and elsewhere; and the data the tables show- 
ing the friction sand and water through pipes different sizes, 
with different velocities, are important additions our infor- 
mation upon this subject. 

regard the use the storage bins Washington, and 
teams for removing the cleaned sand from the bins the filters, 
and through manholes the vaulting, the writer not full 
accord. recognizes the marked economy this procedure, and 
that this economy may somewhat greater some cases than can 
secured other methods demonstrated practicability. Never- 
theless, there are disadvantages the Washington method, es- 
pecially making the filtration works rather unsightly appear- 
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ance account the elevated storage bins and the frequent use 
teams upon the sodded earth cover over the vaulting. Without 
much additional expense, these objections can overcome. 

happens that several sand filter projects with which the 
writer has been closely identified have been attended with such con- 
ditions that the Washington method would impracticable. 
does not wish understood criticising seriously this feature 
the design the Washington filters, made four years ago, but 
clearly the opinion that for many, not most, projects, other 
and better methods are now available. few words general terms 
upon the present status this element sand filter designs may 
interest. 

has been demonstrated New Haven, Conn., where 4-acre 
sand filter plant, designed the office the writer 1903, has been 
operation some months, that water-carriage may successfully 
used transporting the sand, not only from the portable ejector 
the filter bed being scraped the sand washers outside the filters, 
but also from the latter the one more filter beds which turn 
are kept out service for time order receive clean sand. 
Experiences New Haven show that this practicable, and that 
the moving the cleaned sand, from the point discharge its 
proper place within the filter, eliminates effectively the objection 
which was first raised this method, namely, the separation the 
sand into layers graded sizes. 

The general arrangement the New Haven sand filter plant 
shown article The Engineering Record.* Data its 
operation have not yet been summarized, but the results are consid- 
ered the New Haven Water Company very satisfactory and 
economical. 

Tracing the later history water-carriage, may said that 
the designs made under the direction Fuller, Am. Soe. 
E., for the Stormville filters, proposed the Burr-Hering- 
Freeman Commission Additional Water Supply for New York 
City, carried the New Haven method still further. The plans for 
this proposed sand filter plant were published the Report the 
Commission 1904. The Stormville design, however, was still 
further modified for the Pittsburg filters under the direction 
Morris Knowles, Am. Soe. 

said that Pittsburg traveling scraper and ejector will 
used, which the sand will scraped and conveyed through 
piping leading other ejector washers and finally sand beds out 
service, more less after the fashion adopted New Haven. 
further stated the Gillespie Company, contractors for 
the Pittsburg filters, that, meet Mr. Knowles’ specifications, they 
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will install arrangement manufactured the Blaisdell Filtra- 
tion Company, San Francisco. This company manufactures still 
another device, which, claimed, effects marked reduction 
the cost washing sand layers. This arrangement accomplished 
washing the sand place, and said several engineers 
have been successful use for several years Yuma, Ariz. 

arrangement more less similar that use Yuma 
tried, among other devices, the near future the testing 
station now approaching completion the Jerome Park Reservoir, 
New York City. This and other devices and methods are being 
studied connection with the filtration works for the Croton sup- 
ply the Department Water Supply, Gas and Electricity, under 
the direction Varona, Am. E., Chief Engi- 
neer. Mr. William Fuller, Filtration Engineer, immediate 
charge this work, and Messrs. Rudolph Hering and the writer 
are Consulting Engineers. 

4.—Relation the Filter Plant the Prevalence Typhoid 
Fever some ways the most important matters 
for discussion connection with the Washington filter plant 
are the facts and theories associated with the rumor, which through 
the daily press has been widely published both the United States 
and Europe, that Washington has recently suffered from severe 
typhoid fever epidemic, and that the responsibility the epidemic 
associated with the efficiency the filter plant. 

thorough examination the analytical data obtained the 
laboratory this filter plant convinces one trained these mat- 
ters that, with water the sanitary character that the 
Potomac River Great Falls, there has been but small ground, 
any, for associating the filtered water causative factor the 
prevalence any substantial amount typhoid fever among the 
water consumers, unless Washington there are conditions and 
factors not now suspected from local data general experience else- 
where. However, this matter which not prudent discuss 
detail until all the evidence available. understood that 
there will soon official report the subject, issued the 
Washington authorities, covering the work special commission 
under the leadership Surgeon Rosenau the Marine 
Hospital Service. The conclusions the medical authorities would 
highly desirable portion the discussion this paper, 
that under one cover there will record all the essential fea- 
tures associated with these excellent works. 

making exhaustive studies the Washington situation, 
appears that the improvement the water due sedimentation 
entitled considerable attention. would interest the 
writers would state the comparative degree removal turbidity 
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and bacteria subsidence during muddy-water periods. The ex- 
periences the writer Louisville and Cincinnati led him be- 
lieve that the percentage removal turbidity and bacteria was 
about the same under the conditions studied for the Ohio River 
water. 

The increased facilities for sedimentation, due the completion 
the Washington City Reservoir, were something factor, 
doubt, modifying the quality the public water supply for 
time prior the operation the filter plant, thus making inter- 
mediate period the quality the supply reaching the con- 
sumers. While has been known for many years that subsidence 
helpful improving the quality cannot, course, 
compared efficiency with filtration. Years ago, was found 
Lawrence, Mass., prior the introduction the city filter, that 
tap water the City Hall showed removal about 93% the 
bacteria the river water, while the number the tap water the 
experiment station the opposite side the city from the dis- 
tributing reservoir (24 miles distant) showed removal per 
cent. The reservoir had capacity about weeks’ average daily 
consumption. The uniformity the improvement the quality 
the polluted Merrimac River water under these conditions, not- 
withstanding the fact that severe typhoid fever epidemic then 
occurred, was quite marked, will noted from Table 23.* 


TABLE AVERAGES THE NUMBER BACTERIA 
CENTIMETER WATER FROM DIFFERENT THE 
LAWRENCE 


Reservoir City Hall Experiment 

1 387 224 92 34 
770 890 190 62 

‘August 1 920 317 521 181 
September ...........00006 12 150 262 166 144 
eae 12 550 888 975 356 


Water-works engineers are looking with great interest what 
the medical authorities will have say upon the question 


. * ee by the writer on p. 632 of the 1891 Report of the Massachusetts State Board 
of Health. 
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“residual typhoid fever”; that is, the prevalence that disease Mr. 
communities known have substantially pure public water supply. 
The spread this disease through the agency flies factor 
which far more importance than was generally believed few 
years ago, and even after the important reports made the Com- 
mission appointed the Department War deal with the 
prevalence disease the Army camps during the Spanish-Ameri- 
War. The significance this matter was forced quite strongly 
the attention the writer while was member the Com- 
mission dealing with the relation the public water supply 
Indianapolis the prevalence typhoid fever that city during 
1904. 

this connection there one thought which should pre- 
sented, namely, that there increasing evidence show that 
uniform rate typhoid fever different sections city does not 
carry the weight that formerly did pointing toward the public 
water supply the only common cause infection. Typhoid fever 
infection may transmitted flies moving from place place 
and following various vehicles for such distance that 
longer believed that the effect unsanitary conditions 
certain areas, far the public health concerned, will neces- 
sarily confined the unsanitary area itself. 

ing and operation the Washington filters adds another standard 
comparison for such work, and interesting and instructive 
note the fundamental changes design from previous types. 

The irregular contour the ground selected for the site would 
have caused many seek another location, but its successful use 
demonstrates the fact that, with modern methods excavation and 
embankment making, the roughness the site need not necessarily 
rule out. 

compared with other plants, concrete has excluded almost all 
other materials material construction, and the growing con- 
fidence its use exemplified the decrease 11% the 
masonry sections Washington over the Albany sections designed 
only five years previously. 

Mr. Hazen’s design for decreasing the size the main collector, 
without producing unequal rates filtration over the sand area, 
introducing compensation orifices into each the lateral drains, 
very novel and theoretically perfect method, and its operation 
practical use will watched with interest. hoped that 
the authors will add this information giving table showing 
the area each orifice each lateral, and, the solution such 
problems very complicated, example the methods compu- 
tation would interest. 
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The use three grades gravel, with total thickness 
Albany, while undoubtedly serving the purpose, requires 
rather wide difference size between the sand and the finest grade 
gravel. The gravel specified passing mesh and being 
coarser than ordinary sand, therefore will have effective size 
about while the sand which supports has effective 
size about 0.30 mm. The fact that the sand does not work down 
into gravel this size must due the fact that both the gravel 
and sand are somewhat graded, (diameters being only relative) one 
would hardly expect layer stones, each, say, in. diameter, 
support layer stones each only in. diameter, without 
many such stones working downward through the interstices 
the larger ones. The writer prefers, little extra cost, add in- 
termediate size stone this place, and make the total depth 
the gravel in. 

interesting note the improvements washing 
and transporting sand, and the Washington plant indicates the 
successful application improvements this direction and the 
cutting down the maintenance expenses marked degree. The 
sand washer decided improvement over earlier types, but the 
writer believes that the efficiency the ejector can increased 
still further; the thought being that should separated into two 
parts: First, that which introduces the sand into the pipe; and 
second, the dilution the sand proper consistency and its trans- 
portation. this end would suggest inspirator, just ahead 
the ejector, which will produce zero pressure front the 
ejector, allowing all its energy used entering sand, the in- 
spirator providing the necessary extra water and pressure for trans- 
portation. 

The use the Venturi meter for measuring rates com- 
mended producing accurate reading with only small total 
loss head, and doing away with the troubles open and sub- 
merged orifices and weirs. hoped that reliable auto- 
device for regulating the valve the outlet the Venturi, 
keep even rate, will some future time available, 
reliable automatic regulation preferred hand regulation. 

The building clear-water reservoir, allow the water 
rise the full height the water the filters, would hardly 
seem advisable except under unusual conditions operation, such 
very small amount available loss head. The level the 
clear-water reservoir must kept about ft. below that the 
filters during operation, and build higher than this involves extra 
cost walls and piers hardly warranted the temporary gain 
storage. 

The automatic closing down the filters the backing 
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the water from the clear-water reservoir would also appear mr. 


undesirable under ordinary conditions, those filters having the 
largest loss head would closed down first, allowing the loss 
head the newer filters accumulating, and such fluc- 
tuations occurred often, would result the entire plant going 
out service the same time. The writer prefers maintain 
the high-water line the clear-water reservoir predetermined 
elevation below that the filters, and, when this high-water line 
reached, close down the newly cleaned filters hand the 
reverse order cleaning. This allows the filters longest use 
complete the run and out service instead being held back. 

would very instructive the authors would say little 
more about the hose used for transporting sand, its life, and the kind 
found most effective for resisting wear. 

The use sand bins novel idea, and decided improve- 
ment over the older method storing sand openly the courts. 
gives cleaner and more business-like look the entire plant. The 
writer, however, would prefer away with the courts and bins 
entirely, and utilize this space for extra filter beds, replacing the 
washed sand directly spare filter bed instead the 
bins, thus saving the subsequent removal and placing. This method 
successful use the filter plant New Haven, Conn., de- 
signed Messrs. Hering and Fuller; and the well-grassed lawn 
over the filters, the absence sand piles, open courts and ma- 
chinery, make the plant very noticeable its contrast cleanliness. 

Not the least the benefits derived from keeping the sand 
the beds all times and carrying the operation covered 
galleries instead open courts the greater opportunities allowed 
for artistic treatment the filter site broad landscape garden- 
ing effects, with green stretches lawn interspersed with formal 
gardens, hedges and artistic shelter and operating buildings, the 
whole making modern public garden and park. Such expenditures 
are greatly appreciated the average citizen, and instil confidence 
the proper operation the plant—which amount statistics 
future plants money will counted well spent when applied 
the artistic well the commercial side. 

The great amount study which has been given the opera- 
tion filters the past five years has resulted, shown the 
Washington results, marked decrease operating expenses; 
but, these have usually been accompanied higher installation 
expenses, has become question, some the later plants, 
whether the first and simplest methods were not really less expensive 
the long run. Numerous attempts have been made reduce such 
installation expenses, and gratifying success has been attained 
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Yuma, Ariz., and Hempstead, Long Island; and confidently 
predicted that further improvements washing sand situ will 
yet further reduce both first cost and operating expenses. 

This aspect the case has been very carefully considered 
the writer, preparing the plans for the proposed new filters for 
the Croton water supply New York City, Jerome Park 
Reservoir. 

Horton, Am. Soc. (by writer 
hes read this valuable paper with much interest, and has been im- 
pressed with the description the plant, not only from the stand- 
point design and construction, but also with respect the high 
efficiencies attained the removal bacteria from the 
Potomac River supply. view these high efficiencies the writer 
felt somewhat surprised, not disappointed, learning that, not- 
withstanding the installation complete plant, and its con- 
tinuous operation since October, 1905, there had been reduction 
the typhoid fever rate the District Columbia, had been 
confidently expected. 

varied and sensational were many the reports which had been 
circulated freely throughout the country regard the situation 
Washington that the writer was engaged investigate and report 
upon the prevalence and causation typhoid fever the District 
Columbia, and view the close relation the subject the 
purification the water supply Washington, feels justified 
presenting the substance his report the hope that further dis- 
cussion both subjects may brought out. 

Although the time available for undertaking this work was in- 
adequate for making thorough study was desirable, 
the writer spent portions three weeks, mostly the ground, 
acquainting himself with local conditions and gathering vital sta- 
tistics and other information which might throw light upon this 
apparently perplexing situation. 

Statistics typhoid mortality for some twenty years more, 
compiled from records the District Health Officer, weré cour- 
teously placed the writer’s disposal, and were carefully reviewed, 
tabulated and charted. Records the operation the new filters, 
from the time they were put service, were also given him, and 
were studied carefully. Still other statistics, relating the amount 
pollution upon the Potomac River water-shed, which, fortunately, 
had been gathered recently the United States Geological Survey, 
were studied. Information specific nature, relating wells and 
privies was secured, and also relating dairies, shell-fish, market 
and garden truck, ete. Finally, personal investigation was made 
the causation few actual cases typhoid fever the Dis- 
trict. 
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The question first importance was determine somewhat Horton. 


closely from official records the prevalence typhoid during 1906, 
order that might compared with typhoid statistics past 
years and with similar statistics neighboring localities cities. 
Fortunately, and with much credit the management the 
present District Health Office, under Dr. William Woodward, 
complete records for more than years have been compiled, show- 
ing the mortality from typhoid and other allied diseases classified 
typho-malarial, malarial and diarrheal. addition these 
mortality records, morbidity records typhoid have been kept for 
the past years. 

The history these four diseases the District Columbia 
shown graphically, and considerable detail, from January, 1885, 
October, 1906, two diagrams Plate XL. the upper 
diagram are plotted curves showing the yearly mortality from these 
diseases. The curves represent mortalities per 100000, except that 
for diseases the ordinates represent mortalities per 
one-tenth the mortality per 100000. few explanatory notes, 
relating wells, privies and other features which may show 
association with these curves, are also recorded chronologically 
upon the diagram, and will referred later statements. 

the diagram Plate are plotted the deaths from 
typhoid the District for each month beginning with January, 
1885, and the reported cases the disease for the past years. For 
and for the sake closer comparison, this morbidity 
curve was plotted with ordinates representing one-tenth the 
actual morbidity; and this respect shows roughly the fatality 
from typhoid—below excess 10%—during these years. 

Keeping this historical picture view, the changes the mor- 
tality rate from these four diseases, from year year and from 
season season, will traced carefully, order obtain clear 
idea these variations and discover, possible, their significance 
when compared with the typhoid rate during 1906. 

Referring first the upper diagram Plate XL, and com- 
paring the yearly mortality rate the four diseases, observed 
that, general, all remain about the same, show gradual in- 
crease, from 1885 1890. From this date the present time, 
there general though irregular decline all. 

Considering them more detail, seen that the curve 
malarial diseases rises gradually from 1885 maximum 
1891, and then falls about 1903, after which does not 
change materially. The typho-malarial curve shows similar but 


1889, and then steadily decreases zero 1904, after which 
fails recorded, indicating clearly the ill-defined nature 
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Mr. Horton. the disease and the probability that, under improved methods 
differential diagnosis later years, has been classified either 
typhoid malarial fever. The curve for diseases does 
not show this fluctuation marked degree, probably owing 
the greater number deaths recorded, which would tend keep 
the average more uniform; the general decline after 1892, however, 
apparent. 

The curve for typhoid, though following similar way the 
variations the other curves, strikingly more erratic. gen- 
eral, however, rises from 1885 maximum 104 1890, 
and then declines about 1903, after which remains nearly 
stationary. The irregularities, however, are quite marked. The 
mortality rate runs quite uniformly for periods few years, for 
instance, from 1891 1895, and from 1903 1906, while, for the 
intervals between these periods, the curve irregular that pos- 
sibly one might led consider the disease epidemic the 
records one year were compared with those only the preceding 
succeeding one. 

Referring the lower diagram Plate XL, which shows the 
seasonal distribution typhoid, even more striking features are 
found. Taking, for instance, any one year, very marked fluctua- 
tion found during the different months. Beginning about May, 
the curve rises gradually, reaches maximum August Sep- 
tember—at which time the mortality rate about four times 
great during the spring months—and then declines steadily until 
the following January, remaining about stationary until the follow- 

ing May. 

The relation the seasonal variation the typhoid mortality 
with the temperature has been studied carefully Liebermeister 
Germany, and, for different localities, Sedgwick and Winslow 
America, and important this relation the problem Wash- 
ington that Fig. has been prepared show it. 

This diagram shows the average mortality from typhoid for each 
suecessive month the year for the past years, and the average 
the mean monthly temperatures for the same period. For addi- 
tional comparisons, the diagram also shows the average the 
monthly relative humidities and rainfall for this period. These 
four then, show any relation which may exist between the 
seasonal occurrence typhoid and the seasonal changes meteoro- 
logical Considered broadly, there marked similarity 
between the curves typhoid mortality, temperature and rainfall. 
With the curve relative humidity this similarity less marked, 
though apparent. interesting, however, note that the 
typhoid curve distinctly more nearly synchronous with the rela- 
tive humidity curve than with the curves temperature and rain- 
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Mr. Horton. fall, which would seem indicate that any relation which may 


exist one which affects the fatality more than the incidence 
the disease. 

The typhoid and temperature curves display remarkable paral- 
lelism. The similarity between them striking, notwithstanding the 
fact that occasional outbreaks typhoid have occurred which would 
tend destroy it. allowance made for slight irregularities 
the typhoid curve, and also for the necessary time which must elapse 
for infection and incubation the disease, well for the fever 
period before death, will seen that the two curves are almost 
identical. important fact that the mor- 
tality curve typhoid with the seasonal curve temperature for 
the District Columbia had already been pointed out and com- 
mented upon Professors Sedgwick and Winslow, the Massa- 
chusetts Institute Technology, their valuable paper upon “The 
Seasonal Prevalence Fever.”* The studies these 
authors showed that the character the curves typhoid mortality 
for the District Columbia, for the period studied them, were 
similar those Boston, New York, London and other cities, 
which, however different the amount typhoid present, are all 
alike exemption from epidemics water-borne typhoid. The 
writer finds that the conclusions these authors for period 
years are not less true for the much longer period which has in- 
vestigated. 

Returning more detailed discussion the mortality from 
typhoid, shown the lower diagram Plate XL, there ap- 
pears the important fact that, spite the operation during the 
present year elaborate and costly purification plant, built for 
the express purpose reducing the typhoid mortality, such re- 
duction was expected—in comparison with the two years just 
preceding—has taken place. view this fact, not surprising 
that much disappointment has been felt, nor that some have gone 
far pronounce the plant failure. Before coming such 
conclusion, however, obviously necessary examine carefully 
all the available data bearing upon the prevalence typhoid, not 
only the District Columbia, but similar communities else- 
where. 

The total typhoid fever for any community always the sum 
number component factors, such polluted water, polluted 
oysters, polluted vegetables and other polluted foods. There also 
usually considerable amount derived from direct contagion, some- 
times called “contact” “secondary infection.” These various 
factors, relation the local conditions studied and observed 
the District Columbia will now considered under series 
headings. 


* Memoirs, American Academy of Arts and Sciences, Vol. XII, No. V, August, 1902. 
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and Classification Typhoid Fever Cases and Mr. Horton. 
general was found that the cases typhoid were 
quite uniformly distributed over the entire District—that is, roughly 
proportion the density population. With few exceptions, 
and making allowance for cases yet recorded during the re- 
mainder 1906, appears that 1905 and 1906 typhoid was pre- 
valent every section the District, and that particular 
sections could the disease considered distinctly more prevalent 
than others. This fact uniform distribution considerable 
importance throwing light upon the possibility any particular 
foci infection. points, fact, rather general infection 
from either the public water supply, the continued general use 
wells and box privies, the more complex general causes now 
classed under the head typhoid fever. 

Another classification was made taking 200 cases, they ap- 
pear order the records, and determining what percentage 
them was imported and what percentages were families the 
lower, poorer class, the middle class, and the upper more wealthy 
This classification indicated that, the 200 cases, approxi- 
mately 12% was imported, 60% was among the lower, poorer class, 
30% among the middle class and only among the upper 
wealthy class. This, again, would seem point wells, privies and 
other causes nature. 

Another classification was made between the white and colored 
population. The colored population about 30% the total popu- 
lation the District, whereas the fatality from typhoid among the 
colored race nearly double that among the white race, being 
1905, 28.7% for the negroes and 15.1% for the whites. This 
very important fact, for gives much higher typhoid death rate 
for the District than would exist the were mostly 
white, cities situated farther north. This classification 
races, however, has particular bearing upon the relative pre- 
valence typhoid for 1906, because the conditions for this year, 
far the writer could learn, are not materially different from 
those recent years. 

Water view the uniform distribution 
typhoid throughout the District, and the apparent failure the 
filtration plant give the expected reduction the typhoid rate, 
say nothing the specific imputations frequently heard regarding 
the operation the plant its value means reducing 
typhoid, the question the influence the public water supply 
was studied 

*The new filtration plant was completed and put service 
August, 1905, but was not until October that unfiltered water was 
entirely excluded. From the date the filters were put service, 
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Mr. Horton. very complete and elaborate records its operation have been kept, 
and these records, surprising degree, show the efficient work 
the filters removing bacteria from the raw water. order 
show this clearly, the average bacterial efficiency the filters from 
January October, 1906, presented Table table gives 
the average number bacteria per cubic centimeter from January 
October, 1906, the raw Potomac River water the intake 
Great Falls; after passing through each the three reservoirs— 
two natural and one artificial—located along the aqueduct between 
the intake and the filters; and the bacteria the effluent delivered 
into the city mains. The efficiencies are expressed two ways: 
first, showing separately the percentage removal due passing 
through each the three reservoirs and the filters; and, second, 
showing the total percentage removal compared with the bacteria 
the raw Potomac River water. 


TABLE NUMBER BACTERIA PER CUBIC CENTIMETER 
THE RAW WATER GREAT FALLS, AND AFTER 
PASSING THROUGH THE DALECARLIA, THE GEORGETOWN, AND THE 
City RESERVOIRS, AND THE FILTER BEDS; WITH 
RESPONDING EFFICIENCIES REMOVAL DUE THESE 
FouR Factors, FROM JANUARY 1906. 


Bacteria per 


Percentage 
i Percentage remova 
erage removal due compared with 
months each separate raw 
January to reservoir, etc. Potomac River 
October, 1906, water. 
Outlet to Dalecarlia Reservoir ...... 1 480 70.0 | 
Outlet to Georgetown Reservoir.... 700 52 86 
Outlet to Washington City Reser. } 
voir (as passes upon the filters) 300 


Two very striking facts are made apparent Table 24. One 
that the Potomac water, after passing through the three reser- 
voirs, where undergoes high degree subsidence, and, before 
passing through the filters, shows reduction about 93% the 
number bacteria the raw water. interesting confirmation 
this purification readily obtained comparing, the upper 
diagram Plate XL, the typhoid rates during the periods when 
the Dalecarlia and Washington City Reservoirs were use, and 
when they were not use. The periods indicated the diagram 
are only approximate, but they show the effect the purification 
subsidence upon the general typhoid death rate the District. 


| 


DISCUSSION WATER FILTRATION WASHINGTON, 437 


The other fact that the efficiency the filters reducing the 
bacteria very high, being 94% the applied water, and 99.6% 
the raw water. the latter case the practically com- 
plete, leaving only bacteria per the filtered water 
delivered the city. needless say that such completeness 
removal has been rarely ever maintained elsewhere. 

Considerable comment has been heard regard finding the 
sewage bacterium, Bacillus Coli, the filtered water; but, such 
bacteria are the unfiltered water, would folly expect that 
without perfect removal they would not present small numbers 
the effluent. Fortunately, Coli tests are made regularly the 
filter plant, and have also been made the Health Department and 
the United States Public Health and Marine Hospital Service, 
which department the present time investigating this subject 
officially. These bacterial analyses, especially those made regularly 
the filter plant, show that Colon bacilli are reduced passing 
through the filter about the same proportion the other bacteria 
—in fact, these Coli analyses check clearly, independent way, 
the efficiency the filters determined ordinary plate analyses. 

brief, completely these records show high degree 
efficiency the filters and high purity the water now supplied 
the District that they may taken very strong evidence that 
the cause the present typhoid cannot attributed, any appre- 
degree, the quality the water supply. 

milk distributed the city comes from 
some 800 dairies, mostly small ones, situated the rural districts 
Maryland and Virginia. These small dairies ship the milk 
some 200 dealers Washington, who bottle and distribute 
locally throughout the District. Although separation the milk 
made after received the dealers, is, general, more 
less mixed before bottled and distributed. The sterilization 
bottles practiced degree, but not generally. 

rather careful control the milk trade kept the District 
Health Department, which has number men constantly making 
inspections and reporting the conditions existing the dairies. 
Any abnormal occurrence infectious diseases upon any one route 
once investigated, and effective steps are taken prevent 
further distribution such milk until all danger past. 

That the milk supply exerts appreciable influence upon the 
typhoid rate Washington, notwithstanding these facts, made 
evident the that outbreaks are observed occasionally 
—averaging from two three each year. There have been three 
such outbreaks during the past year, including one during the 
writer’s recent visit. fact, milk unquestionably plays im- 
portant role the relatively high typhoid rate the District, and 
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there are undoubtedly many cases typhoid attributable this 
cause which are not shown clearly mere inspection and records 
reported cases. This subject the influence the milk supply 
the causation typhoid has been studied very carefully 
George Kober, D., during the past ten years, and, result 
his investigation, has estimated that fully 15% the cases 
typhoid the District may attributed milk infection. 
4.—Oyster Supply.—Frequent inquiries indicate that more than 
95% the people the District eat shell-fish the proper season, 
and that considerable number eat them out season. The 
volume the trade and the extent which oysters and clams are 
eaten different seasons, for the year 1905, are shown Table 25. 


TABLE AND CLAMS SHIPPED INTO THE 
District CoLUMBIA AND CONSUMED 1905. 


Oysters Clams Cases 
Month. imported, imported, typhoid fever 
bushels. number.* reported. 
42 400 265 000 81 
14 300 | 2380 000 10 
27 7 540 000 24 
16 800 } 730 000 24 
4 700 1 265 000 28 
2 000 500 000 40 
2 100 860 000 133 
1 000 385 000 314 
19 300 240 000 212 
36 100 870 000 150 
800 265 000 
53 7 253 000 52 


About 75% the oysters comes from the beds along the lower 
reaches the sewage-polluted Potomac River, although none are 
taken from within miles below Washington. The remainder 
come from Chesapeake Bay. Any “fattening” done before the 
oysters are shipped Washington, none are fattened the 
Potomac River near Washington. The clams are taken principally 
from the salt waters the lower Chesapeake near Norfolk. The 
fact that large quantities oysters and clams are consumed the 
District, and that some are consumed out season, and also the 
fact that some come from sewage-polluted beds, would indicate that 
shell-fish contribute appreciable share the typhoid the 
District. 

5.—Vegetables, Fruits and quantities these 
foods consumed the public raw and unsterilized state are 
unquestionably relatively large. This especially true fruit and 
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berries during the summer. These are brought from the neigh- Mr. Horton. 


boring rural districts where, described later, the prevalence 
typhoid and malarial diseases greater than Washington. 
admitted that conditions truck-farming this locality, else- 
where the South, are often unsanitary. The vegetables and 
berries are necessity gathered hands which are times in- 
fected, and, washed all, are often washed sewage-polluted 
waters; fertilizing frequently done with human well cattle 
manure; and the products, reaching the markets, are exposed 
for sale open stalls and handled manner favoring still further 
infection. The writer inspected carefully few these markets, 
and, whereas the better ones were attractive and sanitary 
markets are generally kept, found conditions there, when taken 
together with the others just mentioned, such justify the con- 
clusion that the “garden truck” collected, exposed for sale, and 
consumed, without sterilization cooking, responsible for con- 
siderable share the typhoid the District. 

1895 there were 216 shallow wells dis- 
tributed various sections the District, but mostly within the 
city limits. 1902 there were only these shallow wells, but 
this year the city caused some deep wells sunk, hoping 
secure better public well supplies and away with the shallow 
wells. 1906, shallow wells and deep wells were still use. 

These wells have been attacked frequently the more zealous 
local sanitarians the principal cause typhoid. This view 
doubt has been justified times and particular cases. Although 
chemical analyses indicate that the water reaching most the wells 
has some time received sewage pollution, both chemical and 
bacterial analyses, made the District Health Office and also 
the chemists and biologists attached the filtration plant, show 
that the water has been thoroughly purified before reaching them. 
Thus, the deep wells now use within the city limits, only 
one showed the presence Coli; and the shallow wells the 
city only showed the presence Coli, and these only 
gave total bacteria excess 100. 

thus evident that the wells now use can hardly con- 
sidered important factor either the general occurrence 
typhoid the District its continued prevalence during the 


year. The wells were found fairly uniformly 


throughout the District, indicating that there can specific 
prevalence the disease attributable any particular well wells; 
and, further, considering their degree purity they can hardly 
considered important factor the general typhoid mortality. 
That they should abandoned, however, self-evident, for there 
always chance for surface infection, and the District now has 
much purer and safer water supply. 
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influence box privies the typhoid 
mortality the District has always been, and continues be, 
subject much speculative thought and opinion. has been ex- 
ploited occasionally the principal cause the continued presence 
the disease, and, the writer’s judgment, this opinion has been 
measure justified. 

These box privies are constructed wood upon masonry base, 
and are entirely above ground. Though admittedly water-tight 
when first constructed, their life short, and they soon become 
dilapidated and leaky. Their exposed condition and especially the 
leakage from them flowing upon over the surface the ground 
serve means for the spread infection either direct con- 
tact indirectly through the agency flies. 

estimated that 1895 there were some box 
privies use the District. Although, according official 
records, there has been abandonment some mostly within 
the city limits, the records not show how many new ones have 
been constructed during the same period. would probably 
fair assume that some 7000 8000 are still existence, 
which probably some 4000 are within the city limits. 

These privies are very generally distributed over the city and 
District, and, although more concentrated some sections than 
others, there clear indication greater prevalence typhoid 
the sections where they are most numerous; yet, when con- 
sidered that infection from them very often indirect, this fact 
not important, many these unsanitary foci general in- 
fection exist, and must necessity have appreciable influence 
the general spread typhoid. 

8.—Prevalence Typhoid Other Localities the South.— 
Admitting that the mortality from typhoid the District 
Columbia has yet shown considerable reduction during the 
present year when compared with the last two years, and order 
throw light upon the important question whether typhoid 
this section the country, outside the District Columbia, 
might not more prevalent this year, and consequently the mor- 
tality within the District relatively less, attempt was made 
determine the relative prevalence typhoid neighboring locali- 
ties. Such evidence, could determined would 
indicate whether the typhoid mortality the District was only 
apparently the same this year compared with previous years, 
whether there was relatively decrease increase over former 
years. 

Although this season health records for the current year are 
not generally available, the writer communicated with health officials 
Cumberland, Baltimore, Richmond and Atlanta, and 
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sonally familiar with typhoid conditions Norfolk. Actual statis- Mr. Horton. 


were available for Atlanta and Norfolk, and these show that, 
Atlanta, the cases typhoid during July, August and September, 
1906, were more than the sum the cases the corresponding 
months 1904 and 1905 combined. Norfolk, the mortality rate 
for the last summer months was about twice great during the 
corresponding months any one the past three years. Dr. 
Wiley, Cumberland, states that there much typhoid this 
year Cumberland and surrounding towns during the last two 
years combined. Dr. Fulton, the State Board Health 
Maryland, states general way that Maryland the prevalence 
typhoid this year from one-quarter one-half greater than 
any the last few years. Dr. Levy, Richmond, states that 
typhoid that city greater than previous years, but gives 
statistics the relative prevalence the disease outside that 
city. 

Mr. Leighton, Chief the Hydrographic Division the 
United States Geological Survey, states that the rural districts 
the Potomac River water-shed information gathered his De- 
partment showed that typhoid was very prevalent during the past 
season over the entire area. These districts are inhabited princi- 
pally the poorer classes the colored race, and, owing poverty 
and the lack medical attendance, the disease not only more 
prevalent, but difficult obtain reliable information except 
house-to-house canvass. Although this investigation furnished 
statistical information throwing light upon the occurrence 
typhoid compared with previous years, the general impression 
that especially prevalent. 

Evidence obtained this general manner lacking statistical 
value, yet, when considered whole, and view of. its responsible 
sources, significant indicating that there has been greater 
prevalence typhoid outside the District Columbia this year 
than the past two years, and that the prevalence the disease 
the District this year may considered relatively less than 
the past two years. fact, suggests strongly that the additional 
purification the water supply resulting from the operation 
the new filtration plant has already shown some extent the 
expected decrease the typhoid. 

9.—Results Personal Investigation few Cases Typhoid 
the District Columbia.—For the purpose getting more 
definite idea the causation the typhoid which prevails the 
District present, well obtain some idea the propor- 
tion cases which might have been imported, due second- 
ary infection, the writer made house-to-house canvass number 
cases where recovery These were taken from the 
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records somewhat random, but such manner include 
cases among the poorer class, the middle class and the more wealthy 
class citizens. the information received throws considerable 
light upon these points, presented detail: 

Case I.—Middle class, female, age 40, boarding-house keeper, sick- 
ness July, treated hospital, case normal. Public water supply, 
local milk dealer; oysters, and few raw vegetables, eaten prior 
illness. Surroundings sanitary. Visited family with case 
typhoid intervals for some weeks prior sickness. Two con- 
valescents from typhoid kept boarders, prior sickness. Case 
apparently secondary. 

Case II.—Middle class, male, age 16, sickness July. Absent 
from home Western Maryland for five weeks; during that time 
roomed with companion who contracted typhoid and died. Case 
apparently imported. 

Case class, girl, age about 18, date sickness, July 
10th. During six weeks prior illness had visited two weeks 
Roanoke and ten days Rockville, Md. Five other cases occurred 
same family, following order: July 16th, July 18th, July 22d, 
July 25th, and August 6th; all recovered. Case apparently im- 
ported. 

Case class, male, age 40, banker, date sickness, 
August Not out city prior sickness. City water, local 
milk dealer, surroundings sanitary. Did not eat raw vegetables 
oysters. association with any other typhoid cases. Cause not 
clear. 

Case V.—Upper class, female, age about 18, date sickness, 
July 15th. Society girl who visited many sections the city. 
Ate great deal lettuce and salads, little milk, and oysters 
prior illness. During one visit drank water noticeably offensive. 
Drank water from public hydrant when playing tennis. Surround- 
ings sanitary. Cause not clear. 

Case VI.—Middle class, male, age 40, date illness, July 15th. 
Made trip boat Baltimore for few days latter part June. 
Fond fish, but did not eat oysters this season. Public water 
supply, except boat Baltimore; milk from local dealer, except 
trip. association with other cases typhoid fever. Cause 
not clear. 

Case VII.—Lower class, German, age date illness, August 
15th. Surroundings very unsanitary—small baking and grocery 
bought where obtained the cheapest”—ate freely 
provisions and drank freely from two public wells. Not asso- 
ciated with other cases typhoid fever. Cause not clear. 

Case VIII.—Lower class, colored, male, age date illness, 
July 25th. Visited Rockville, Md., for two weeks prior illness. 
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Surroundings sanitary, except wet cellar. Mother said infection Mr. Horton. 


was received Rockville (note that Case III visited Rockville). 
Case probably imported. 

Case class, colored, male, age 14, date illness, 
September 10th. visit Culpepper, Va., for three weeks prior 
illness, and was brought home sick. Case imported. 

Time was not available make more thorough extended 
canvass, which much regretted view the large per- 
centage imported cases among few investigated. Enough was 
learned, however, indicate that many the cases which are re- 
ported are the result importation, due large measure the 
rather general custom “visiting the country,” custom not 
confined the upper, but extending also the lower classes. 
Otherwise, infection received through the many channels asso- 
ciated with unsanitary surroundings. 

Summary and view the many factors which 
have exerted influence upon the causation typhoid the Dis- 
trict Columbia and the rather complex relation which they bear 
the continued prevalence the disease during the year, may 
well summarize the results the foregoing facts and studies 


mortality from typhoid, well allied diseases classi- 
fied typho-malarial, malarial and diarrheal, has decreased 
steadily, though irregular manner, from 1890 the present 
time; the causes for which appear due number factors. 
these the principal are the following: 
(a) purification the water supply subsidence one 
more the storage reservoirs. 
(b) decrease the number public wells and box privies 
the District. 
(c) closer supervision and control the milk supply 
the District. 
(d) Other minor and more general improvements the sani- 
tation dwellings, better medical care, 


2.—During the present year, shown the records, the mor- 
tality and morbidity from typhoid have shown considerable re- 
duction, compared with the last two years. 

reliable sources could obtained, there appears 
unusual prevalence typhoid other portions the 
country, outside the District Columbia, during the present 
year, which would indicate that the prevalence typhoid within 
the District has been relatively less. 

4.—The high bacterial efficiency the new filtration plant and 


the low number bacteria the effluent are prima facie evidence 
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the high degree purity the public water supply. This in- 
dicates clearly that the new filtered supply cannot considered 
not contributing any appreciable degree the continued pre- 
valence typhoid the District, but, the contrary, has 
probably been the sole cause keeping down the typhoid rate during 
the season when the disease has shown unusual prevalence 
other localities outside the District. 

5.—The water from the Potomac River water-shed, 
resident population not more than persons per sq. mile, and 
purified sedimentary storage basins the extent 90% 
removal bacteria, has probably never influenced, the extent 
commonly supposed, the typhoid rate the district, except times 
when these reservoirs were not use. 

6.—The cause the continued high mortality from typhoid, 
shown statistics for the District, due number causes, 
some which are complex, but each which contributes its share 
the total mortality. Among these may mentioned the fol- 
lowing: 

(a) relatively large proportion imported cases con- 
tracted during the customary summer visits large 
number all classes inhabitants. Dr. Kober esti- 
mates the cases attributable this infection 
from per cent. the writer’s opinion, this 
perhaps under-estimated. 

(b) Oceasional infection due public wells, especially the 
shallow wells subject frequent surface contamina- 
tion. 

(c) Serious infection from box privies, which admit the 
spread disease through the agency flies, ete. 

(d) Infection through the medium the milk supply. 
Although this supply subject careful inspection, 
yet handled Washington, continual source 
infection; that outbreaks with fre- 
quency substantial proof this. Dr. Kober esti- 
mates that milk probably responsible for 15% the 
eases typhoid the District. 

(e) Infection through the medium oysters. This, cause 
undoubtedly has larger share the infection 
typhoid than has been accepted previously. Recent in- 
vestigations Clark, Chemist, Massachusetts 
State Board Health, have shown very clearly that 
the ordinary cooking oysters and clams removes 
relatively small percentage the infection. Some 
oysters from sewage-polluted beds are eaten large 
quantities, which accounts for least number 
cases. 
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(f) Infection through the eating unsterilized vegetables. Mr. Horton. 


fruit and berries. These are consumed large 
quantities, especially summer, and the sources 
infection are many—starting with the fertilization 
the soil with human manure, then the gathering 
persons who are compelled nurse patients the 
country, and finally their exposure infection from 
flies, the markets. 

(g) The agency flies and other insects. 

(h) host other means infection such nature that 
the germs are transmitted from the intestines one 
victim those another through routes which are 
many and diversified defy detection. 


there strong presumptive evidence that the fil- 
tration plant has already exerted influence preventing greater 
prevalence typhoid during its operation this year, and that, 
was the case with the filter plant Lawrence, Mass., will show 
future years more marked reduction the typhoid rate, any hope 
for permanent and further reduction typhoid must looked 
for further improvements house sanitation, the abolition 
wells and privies, more effective oversight and control the milk 
supply, more vigorous enforcement disinfection during typhoid 
illness, and reduction the more varied and complex causes 
infection inherent the daily lives the people, especially among 
the lower and more ignorant classes. 

closing, the writer wishes acknowledge his appreciation 
the courtesies extended the following gentlemen, placing his 
disposal official records and other information indispensable his 
studies: The District Health Officer, Dr. William Woodward, 
and his corps assistants; General Walter Wyman and Dr. 
Rosenau, the Public Health and Marine Hospital Ser- 
vice; Mr. Leighton, Chief the Hydrographic Division 
the Geological Survey; Lieutenant Dent and 
Messrs. Hardy and Longley, the Filtration Bureau; 
Fulton, D., Baltimore, Md.; George Kober, D., 
Wiley, Cumberland, Md.; and Hall, Hydrographer, 
Geological Survey, Atlanta, Ga. 

Joun Grecory, Assoc. Am. Soc. (by 
writer has been particularly interested that part the paper 
relating the transportation sand water and the cost 
handling sand the regular operation the filters. pre- 
vious the filtration water, the writer gave brief 
historical review sand washers the ejector type America, 


Transactions, Am. Soc. E., Vol. 250. 


Mr. Gregory. 
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and the development the method transporting sand 
water applied filtration works, stating that, his opinion, 
when ejector used connection with washer, two hoppers 
the washer would ample for washing the sand, and that satis- 
factory results could probably obtained with one hopper. The 
writer would ask whether any attempt has been made operate the 
washers with only one hopper, and, so, what results were obtained? 

The authors are congratulated the remarkably low labor 
cost handling sand. indicate what satisfactory showing has 
been made, will suffice compare the cost Washington with 
that Philadelphia 1904 and 1905, and with that Albany 
1899 and 1900, during the first year and half operation there, 
given Mr. Vogleson Table 18. 

For intelligent comparison these figures, essential 
know the rate per hour paid for labor. Albany during the period 
cited, the rate was $1.50 per day hours, per hour. Mr. 
Vogleson gives the rate Philadelphia $1.75 for hours. The 
authors not state the rate Washington. The Philadelphia 
works are cited, being most nearly comparable with those Wash- 
ington, the ejecting and washing being general similar, 
the sand, however, being replaced contract. Albany the sand 
was wheeled out the court and dumped, then rehandled through 
the washers, and later replaced the filters wheel-barrows. 
marked economy shown the newer methods used Washington 
over the older ones used Albany. 

Practice the method handling sand has rapidly changed 
since the Albany filters were built. Philadelphia and Washing- 
ton the sand scraped into piles hand, then shoveled into ejec- 
tors and transported water the washers located the court. 
From the washers the sand again transported water storage 
piles bins, and, after sufficient quantity sand has accumu- 
lated, replaced the filters. 

New Haven, Conn.,* court has been provided, the sand 
from one filter being ejected water washer and then trans- 
ported water another filter held reserve receive it. 

similar method was recommended, the Commission Addi- 
tional Water Supply New York 1903, for the filtration works 
proposed for the new supply. similar design was also adopted 
Pittsburg 1904 for the works now under construction there, 
except that machines traveling above the surface the filters will 
installed for scraping and ejecting the sand, thus doing away 
with large amount hand labor. 

Still other methods washing and handling sand are receiving 
consideration the present time, the most promising being those 


* Transactions, Am. Soc. C. E., Vol. LIII, p. 254. 
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whereby the sand will washed without removal from the filter, 
feature greatly desired. Although the writer has spent consid- 
erable time studying one these methods, does not feel 
liberty present discuss this phase the subject length. 
There one feature, however, which would call attention. 
mechanical filter, the sand not removed, but washed 
place upward flow water. Little Falls and New 
Milford, J., air used assist agitating and washing the 
sand layer, and the works now under construction Columbus, 
Ohio, air installation has been included. one other large plant 
now being built, reliance will placed solely wash-water applied 
rate higher than that commonly used. mechanical filter 
can washed satisfactorily with upward flow water, why 
cannot the same principle applied slow sand filter? The 
writer realizes that with slow sand filter, constructed 
washed with upward flow water, assisted necessary agita- 
tion the upper surface the sand layer, many interesting and 
difficult problems present themselves for study and solution, but 
his opinion that none them insurmountable. has had this 
general design mind for several years, and believes worthy 
consideration those who are interested engaged the design 
and construction filtration works. 


ALLEN Hazen Harpy, Am. Soc. (by 
letter).—The general fact brought out the discussions Profes- 
sor Sedgwick, Drs. Magruder, Kober, Woodward and others, that 
the filtration the water supply Washington has made ma- 
terial change the typhoid situation, one the most important 
sanitary developments the time. The writers cannot express too 
highly their gratification the thorough manner which this sub- 
ject has been investigated and discussed. They believe this 
the most important result the paper, and they regard the discus- 
sion being complete and conclusive that not necessary for 
them attempt add this part it. 

Dr. Woodward mentions number points regard the 
construction and operation the filters. true that Wash- 
ington the fine particles were removed from the sand somewhat 
greater extent than Albany. not true, however, that the 
Washington sand had these particles removed unusual extent. 
The sand used the large German plants has been washed fully 
much that used Washington. The English sands have had 
their fine material removed much greater extent. The Wash- 
ington sand, the whole, little finer, rather than coarser, than 
the average, and contains somewhat more fine material. The 
writers can assure Dr. Woodward that appreciable improvement 
the action the filters could secured using less perfectly 
washed sand. 


Mr. Gregory. 
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The suggestion that the operation would helped using the 
by-passes, cutting out the sedimentation reservoirs and reducing the 
period sedimentation, the writers also believe impracticable 
and not tending the best results. They believe that the failure 
produce clear effluent not due the removal too much 
material the sedimentation basins, but the fact that too much 
tine material passes entirely through the sedimentation basins, and 
does this because fine that incapable being removed 
them. 

the turbidity question, the writers also are inclined take 
somewhat different position from that expressed Dr. Wood- 
ward. They cannot agree that the production turbid effluent 
does not tend increase the typhoid rate. 

People get used clear water very rapidly. When they are 
used they will not willingly take turbid water. When the 
water the pipes temporarily turbid, has often been during 
the past year, great many people will turn the hundred public 
wells, more less, and the uncounted private wells, from which they 
can obtain clear water, and certainly many cases typhoid will 
caused that way. These are indirectly the result the turbid 
condition the public supply. 

The writers believe that reasonable standard reached 
this case the production water such degree purity and 
attractiveness that equal the best spring water. Such 
water, regularly supplied, would leave demand for spring water, 
nor for the use shallow wells; and the acceptance lower 
standard not the interests public health. 

Dr. Woodward suggests that the responsibility for proving that 
coagulant not injurious health rests upon those who propose it. 
The writers are prepared take the matter upon this basis; and 
respectfully submit that the evidence that coagulant can used 
without results injurious the health those using the water 
complete can reasonably expected. 

Coagulant now used systematically treating the water sup- 
plies more than cities the United States with more than 
25000 inhabitants each. 1904 the population cities using 
coagulant exceeded 3000000, and the present time the number 
has increased least 000. 

Coagulation has been practised systematically public water 
supplies the United States for the last twenty years. Its use 
limited extent was known and practised one hundred years more 
ago. 

Europe, chemical treatment used regularly connection 
with sand filtration Bremen, Germany, times flood; 
Schiedam, Holland; and all the time Antwerp, Belgium, and 
many the smaller Dutch cities, and this use rapidly 
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Coagulation unnecessary and superfluous for some waters. Messrs. Hazen 


These are the clear Northern waters from above the line the 
glacial drift, ete. For the highly turbid waters the South and 
West, including the Potomac, the only known method treat- 
ment which thoroughly effective. 

Notwithstanding the extensive and rapidly increasing use 
coagulant the United States during the last twenty years, the 
writers have yet hear any case where has even been claimed 
seriously that municipal supply treated this way has been in- 
jurious the public health. there were injurious results, they 
would certainly have been discovered before this the health 
officers and doctors the cities where the method has been used. 

This more certain because the strong prejudice which has 
existed against the use coagulation, and which Dr. Woodward’s 
discussion makes clear not quite dead. This prejudice has been 
strong enough make many engineers, chemists and doctors ex- 
tremely alert for any injury health which might attributed 
it. 

Injurious results have not been observed because they not 
exist. And they not exist, first, because the substances used 
coagulation are not poisonous, nor even injurious unless used 
vastly larger quantities than are necessary water purification; 
and, second, because the alumina iron eliminated from the 
water the course the process, and does not appear the 
effluent. 

The use sulphate alumina does not increase the proportion 
alumina the effluent. the other hand, often decreases 
it, and trace the alumina applied can detected the effluent 
under conditions filtration like those proposed Washington. 
The Potomac water carries naturally certain quantity alumina. 
This now reduced the course purification. would 
reduced still more with coagulant. 

The other part the sulphate alumina, namely, the sulphuric 
acid, combines with the carbonates, always present the Potomac 
water much more than sufficient quantity combine with the 
acid, and calcium sulphate formed. For purposes this 
not more objectionable than the carbonate from which 
formed. For boiler uses slightly more objectionable. The 
change slight that practical difficulty has not often been ex- 
perienced boilers with waters treated this way; and the theo- 
retical objection this ground, which freely admitted, must 
taken minor offset the great advantage obtained from the 
treatment. 

Mr. Maignen disturbed the fact that the dirty wash-water 
sent the bins with the sand and may contaminate it. With sand 
washers the Albany type there might possibly some ground 


and Hardy. 
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for this criticism. With the washers used Washington, the 
separation the dirty water from the sand more complete, and 
the sand carried the bins comparatively clean water. 
Actually, the washed sand drawn from the bins cleaner than the 
sand when originally put the filters. 

The writers believe that Mr. Maignen mistaken his compu- 
tations compensating orifices. will through the whole 
will find that the sizes the orifices are the same, 
whether the computation made for one-million rate for 
four-million rate, and the reasons for this are stated clearly the 
paper. 

Mr. Maignen criticises the arrangement the regulation, espe- 
cially the automatic reduction the rate when there not de- 
mand for water, caused the backing the water the pure- 
water reservoir. The writers refer the discussion this matter 
connection with the Albany paper.* They will add this time 
that the method regulation used Washington that general 
use Europe and most the filter plants America. 

Objection the old procedure was first raised certain 
authorities Germany 1893, and certain regulations were. 
promulgated; but the water-works men did not accept the changes 
readily, and made such persistent efforts that the rule was shortly 
modified, and since then has not been enforced Germany. 

The advantages the method regulation used Washington, 
construction and convenience operation, are very 
great. The Philadelphia filters, and perhaps few other plants, 
have been built other principles, but the writers see reason 
for wishing modify the arrangement used Washington. 

Variations the rate filtration due the backing water 
from the pure-water reservoir the Washington plant are small 
and gradually applied. The nominal elevation the water the 
filters ft. above that ever reached the water the pure- 
water reservoir, while, general rule, the differences eleva- 
tions are considerably greater. Frequently, for periods several 
days, the rate filtration not affected the least. The maxi- 
mum change the rate from the highest the lowest hours 
about 500 000 gal., the highest rate for the day being the predeter- 
mined normal rate. 

The effect changing the rate filtration has been studied 
Washington with changes much greater and more suddenly applied 
than any which have ever been caused the backing water, 
and deterioration bacterial efficiency has ever been found 
that the objection the process, for this plant least, 
purely academic, and does not rest upon actual results. 


Am. Soc. E., Vol. 288. 
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Mr. Maignen must mistaken his understanding the 


outlets. Certainly, such effect upon the sand describes 
produced. 

The writers are particularly glad that the subject preliminary 
filtration brought for discussion. They have followed this 
subject with much interest; and have studied the results obtained 
Philadelphia, Bethlehem, and Lancaster, and experiments 
made other places. result this study, they state without 
hesitation that, their opinion, system preliminary filtration 
like that used the cities mentioned, with any reasonable varia- 
tions and improvements, would suffice Washington produce 
reasonable clearness; and, further, they believe, that 
system successive filtrations, within reasonable limits rate and 
eost, would suffice clarify Potomac water thoroughly. This 
based experience and tests other places. The theoretical 
reason for was discussed paper “On and 

The writers understand that Philadelphia the effluent from 
water filtered through preliminary filters and standard sand filters 
has occasionally been turbid; and Lancaster, Mr. Maignen has 
been compelled resort the use coagulant maintain clear 

Bethlehem, naturally coagulated water applied the 
filters. This particularly interesting condition, and comes 
about this way: The Lehigh River above Bethlehem receives 
large quantity mine drainage which contains sulphate iron, 
and some miles above the town the water the river normally 
acid, and always contains iron solution. Immediately above 
Bethlehem the river receives from limestone regions large tribu- 
taries which are strongly alkaline. The mingling the waters 
results the precipitation the iron. This precipitation takes 
place such that can usually observed the river 
when passing railway train. The water coming the filters 
thus thoroughly coagulated. When this natural coagulation 
interfered with floods, the intake closed, and the 
supply maintained from the two reservoirs, which are fortu- 
nately sufficient keep the supply for some days. The plant 
which Mr. Maignen designed takes full advantage this situation, 
and deserves every credit for having utilized it. 

turbid the Potomac. The operation the filters Bethlehem 
has been generally satisfactory, but there reason believe that 
corresponding results could obtained the same process 
Washington. 


Am. Soc. E., Vol. 45. 
+Transactions, Am. Soc. E., Vol. 74. 


- 


| 
4 


Messrs. Hazen 
and Hardy. 


452 DISCUSSION: WATER FILTRATION WASHINGTON, 


preliminary filtration cannot depended upon produce 
clear the only possible reason for using reduce ex- 
pense. referring the tables the paper appears that the 
items cost which might possibly reduced the use pre- 
liminary filters are the labor and supplies forcleaning filters, amount- 
ing about cents per million gallons. will observed that, 
order make saving total expense, the reduction these 
items must made pay, first, the operating expenses the pre- 
liminary filtration, including the cost pumping additional 
height overcome loss head the filters and the piping 
connections, second, the capital charges the additional 
installation required; and, third, there must saving some 
magnitude justify the additional cost and complexity the 
plant. The writers believe that obvious anyone familiar 
with water purification that, after making the allowances above 
mentioned, such saving can made. 

Mr. William Fuller must have been misinformed the 
relative elevation the filters and the pure-water reservoir. These 
are not the same elevation, and the water can never rise the 
pure-water reservoir the same height that the filters. The 
elevation the springing line the pure-water reservoir ft. 
below that the filters, and, explained reply statements 
made Mr. Maignen, the water actually never rises within ft. 
that the filters. The backing water, therefore, affects 
only slightly the rate filtration, and does not, any material 
extent, tend cause the entire plant out service the 
same time. 

The hose now being used for transporting sand heavy, 3-in., 
double-jacketed, fire-hose, with rubber lining. was purchased 
from the Fire Hose Company, New York, and, under the 
severe usage receives, seems probable that its life will one 
year. 

The writers agree with Mr. William Fuller certain extent 
that the replacing washed sand directly filter has certain 
advantages over storing sand bins. This method allows for 
more artistic treatment, and would give better general appearance 
the surface above the filters. For large plants, however, the dis- 
tances the sand would have carried would probably great 
that the plant would have divided into several groups, and one 
filter each group would have kept out service receive 
the sand from the other filters that group. consequence, 
probable that more filters would kept out service than the 
plan Washington, and that the saving area reducing the 
courts would more than balanced the increased number 
filters out service. 
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Mr. Vogleson’s description the experiments and results Messrs. Hazen 
Philadelphia particularly interesting. While the experiments 
upon the friction mixtures sand and water pipes recorded 
him differ considerably from those shown the plottings used 
for the purpose design Washington, the discrepancies are 
sometimes one direction and sometimes the other; and, the 
whole, the agreement sufficiently close support the accuracy 
the general method computation, and affords valuable cor- 
roboration the general correctness the results. 

The proposition advanced, that under certain conditions 3-in. 
pipe capable carrying more sand than 4-in. pipe, course 
correct. The condition under which this may occur that with 
small quantities the velocity produced the 4-in. pipe below that 
required for steady and regular flow. the other hand, there 
cannot the slightest doubt that ejector adapted service with 
4-in. pipe would throw twice much sand through long 4-in. 
pipe through long 3-in. pipe. The fact that this condition was 
not obtained Mr. Vogleson simply indicates that the ejector 
actually used was not adapted the 4-in. pipe, and this experience 
does not indicate that 3-in. pipe under any circumstances equiva- 
lent carrying capacity 4-in. pipe. The apparatus for feeding 
the 3-in. pipe somewhat lighter than that for feeding the 4-in. 
pipe, and small plants there may reason for using it; but, for 
large plant, the writers, result their experience, are dis- 
posed take the view that 4-in. pipe, worked its proper capacity, 
more economical size than 3-in. pipe. 

Mr. Henny may interested know that ivy has been planted 
with the intention covering the bare concrete spaces which 
objects. The whole filter plant has been made into park, 
named “McMillan Park,” honor Senator McMillan, who was 
largely instrumental securing the establishment the plant; 
and hoped that the treatment the whole area can made 
satisfactory way, and that will add substantially the at- 
tractiveness this part the city. 

The French system constructing reservoirs, described Mr. 
Labelle, very interesting, and certainly results large reduc- 
tion the quantity masonry; but this saving, under European 
conditions, with expensive materials and cheap labor, larger than 
under American conditions. This particularly true where con- 
crete the material construction, and where the cost the 
forms not reduced with the reduction the masonry, but, 
the other hand, often increased. Nevertheless, the time allowed 
for the preparation the plans had permitted, the writers regard 
certain that somewhat more economical design for the outside 
walls could have been secured, was indicated the paper. 
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Miss Blatch’s discussion adds greatly the available data upon 
the flow mixtures sand and water. The writers are pleased 
note that the method computation which they used making 
the design, though based only limited number experiments, 
general accord with the other results which Miss Blatch 
mentions. 

The discrepancy which she finds the writers’ diagrams be- 
low the point economical use. interesting, but not great 
practical importance. 

Mr. Gregory has given glimpse into the future sand 
handling and washing which very interesting. There will doubt- 
less many changes and improvements this feature filters 
the near future. These developments will watched with great 
interest engineers, with special reference the relative cost 
operation for plants where the various systems have been installed. 

answer his query regarding the number hoppers neces- 
sary wash the sand satisfactorily, the writers can assure him that, 
with the apparatus used Washington, one hopper found 
sufficient. Two hoppers were provided, and both were kept 
service November when the piping was changed; since 
that time only one has been used. 

The rate pay for laborers Washington $1.50 per day 
hours, and, computing the cost for sand handling, that 
supervision included with the labor charges. 
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STEAM LOCOMOTIVE AND ELECTRIC OPERA- 
TION FOR TRUNK-LINE TRAFFIC— 
COMPARISON COSTS AND EARNINGS.* 


Discussion Messrs. Frank AND JOSEPH MAYER. 


The only adequate motive that will lead the change from 
steam electric operation large return the investment re- 
quired. The return this investment the increase net earn- 
ings which the result the change. For finding this increase, 
the probable future earnings, steam-locomotive operation 
continued, must compared with these earnings opera- 
tion introduced. The comparison made not one 
present net earnings from steam locomotive operations with future 
net earnings from electric operation; both terms the comparison 
are future earnings. all lines with heavy local passenger traftic, 
where steam locomotive operation maintained, parallel interurban 
electric roads will built which will take from the steam roads 
two-thirds more the local passenger traffic. This has already 
happened many roads the competition the expensive and 
slow direct-current trolley roads. The severity this competition 
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will greatly increased the construction much cheaper 
single-phase roads, which permit much higher speeds and larger 
cars and trains, without the use the expensive and troublesome 
third-rail and rotary-converter sub-stations. 

Greatly reduced passenger earnings with future steam-locomo- 
tive operation, therefore, must compared with the probable 
earnings accompanying electric operation. 

Experience interurban electric roads has shown that small 
trains single cars can run cheaply with many stops, and 
higher speeds than financially practicable with steam locomo- 
tives, and that large increase local passenger earnings the 
result. electric operation introduced the present steam 
roads, must, gain the fullest possible advantage, generally 
accompanied great change the number and size trains, 
their speed, and the number stops. The cars for strictly local 
passenger traffic must, like the present interurban electric cars, 
wherever practicable, run through the streets the urban centers 
population, give continuous service without change 
cars, and take the passengers, nearly possible, from their 
starting point their destination. Fares about cents per mile 
have been found experience most profitable for the kind ser- 
vice given interurban roads. They will probably most profit- 
able where similar service attempted the present steam roads. 

surprisingly large amount local passenger earnings per 
head accessible population has been secured interurban elec- 
tric roads, and has never been approached steam roads. The 
present local passenger service the steam roads, view the 
results obtained interurban electric roads, entirely antiquated 
and utterly inefficient. Dwindling local are the 
inevitable result persistence present methods. The cost 
electric operation which must considered, therefore, that 
for the new trains cars, the new speeds, with the new number 
stops; and not that electrically operating trains the num- 
ber and size, and with the speeds and stops which have proved 
most economical with steam locomotives. all roads with large 
local passenger traffic, the increase passenger earnings which 
will secured the changes method operation taught 


the experience interurban electric roads the most important 
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gain. The increase local passenger traffic will greatly reduce all 
costs per passenger-mile, will increase the total investment re- 
quired but little, and will thereby reduce the interest charges per 
passenger-mile, compared with those with smaller traffic. The 
profit per passenger-mile needed make the new investment 
promising one reduced nearly the same ratio that the 
increase traffic. 

With steam locomotives, the heaviest through passenger trains 
run the highest present passenger-train speeds. The 
capacity the boiler that can fixed one man and accom- 
modated one locomotive limited, and has been closely ap- 
proached the largest present engines. Several steam locomotives 
controlled one man the head the Fast 
trains with several steam locomotives, therefore, are not practicable. 
With electric operation, the heaviest passenger trains can run 
the highest speeds, and several locomotives may used safely 
and economically fast trains means multiple-unit control. 
The heavy, partially balanced, reciprocating parts steam loco- 
motives, which, highest speeds, cause violent lateral swaying and 
vertical hammer blows the track, and thereby greatly increase 
the cost maintenance way, are absent electric locomotives. 
the highest speeds the economy steam locomotives diminishes 
rapidly with increase speed, that suitable electric locomotives 
remains approximately constant. With electric operation, higher 
speeds, therefore, will probably adopted for all through trains, 
and the length the fastest trains can increased when desirable. 
regards the probable future amount local passenger traffic 
with the new kind service, the experience gained interurban 
electric roads must the guide. view these facts, mere 
comparison the cost operating the present passenger trains 
with steam electricity has only remote bearing the question 
whether change electric operation advisable, and must lead 
entirely erroneous estimate the net return from the re- 
investment. The present size and number trains, and 
their speeds and number stops, are closely adapted the ca- 
pacity the steam locomotive. Wherever this train service for 
local passenger traffic has come into competition with interurban 
electric roads, its inferiority, regards capacity secure traffic, 
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has been clearly demonstrated. will abandoned, therefore, 
the same time the steam locomotive. The best possible electric 
service must compared with the best steam-locomotive service, 
obtain any results value. The investigation will naturally 
begin with consideration the conditions which govern the 
probable increase local passenger traffic and earnings due 
improved service, since this known the most powerful 
factor favor the change electric operation. The accessible 
present and probable future population along the line furnish the 
future earnings. 

Commuters using the line twice day give the largest earn- 
ings per accessible inhabitant. They are important mainly near 
large cities, where their number along line may increase rapidly 
improved service. such situations further argument 
needed prove the superiority electric operation, and the 
transformation such lines going rapid rate. 

The opinion more divided regard long-distance lines. 
the population along such line considerable, exceeding 500 
inhabitants per mile line, within miles each side, there 
exists either competing interurban parallel trolley line one may 
safely counted upon the near future. The existing line 
probably direct-current line which small cars run moderate 
speed. This can, and probably will, changed single-phase 
line which large cars can run high speed. favorably 
located, will receive the bulk the previous local passenger 
traffic the parallel steam road and all the new traffic developed 
the improved service. change electric operation the 
steam railroad before the parallel trolley road built, the latter 
made impossible unless the available traffic very large the 
steam railroad unfavorably situated secure it. the com- 
peting electric road already the field, fraction the total 
local passenger traffic, largely depending amount the loca- 
tion the two competitors and the quality their local passenger 
service, will obtained the steam road the change electric 
operation. Statistics earnings interurban electric roads have 
shown that they amount from $10 per inhabitant within 
miles the line, not counting those terminal city more than 
75000 inhabitants. evident that the distribution the 
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population along the line, whether mainly within mile the 
line further distant, and whether terminal inter- 
mediate points, important. The degree prosperity the 
population and the quality the roads will greatly influence the 
amount travel per inhabitant. The location competing lines 
will often limit the accessible area. The present local passenger 
traffic the steam road, without present electric competitor, 
gives further clue, together with the experience regard the 
amount traffic which has been developed interurban electric 
lines along steam roads the same different amount loca} 
passenger traffic. improvement local service will prob- 
ably produce nearly equal percentage increase local 
detailed study all the pertinent local con- 
ditions along the line required ascertain the probable amount 
local passenger traffic which will secured any proposed 
electric service the existing steam road. 

The increase through passenger traffic due the use 
higher speeds and the greater comfort and cleanliness possible 
with electric operation will, many cases, large, especially 
until electric operation adopted the competitors. There 
great loss the through traffic the steam road the com- 
petitors are first the change operation. The percentage 
increase through traffic cannot calculated, but moderate 
estimate will nearer the truth than entire neglect this gain. 

The possible length slow-speed freight trains using one en- 
gine now mainly governed the largest permissible draw-bar 
pull, which, with ordinary freight cars, about 50000 With 
electric operation and multiple-unit control, will practicable 
operate from the head several locomotives distributed through 
the train. Long trains can thereby used heavy grade lines, 
and the traffic capacity two tracks can indefinitely increased. 
lines large traffic, the possibility operating passenger and 
freight trains any desired length, and thereby reducing train 
expenses per unit traffic and increasing the traffic capacity 


the road, becomes very important. With high voltage the con- 
tact conductor this possible without much increase the cost 
the transmission line. Since accuracy the estimate the 
value these advantages electric operation not possible, 
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conservative estimate, which probably below the truth, must 
made, and, justify change, must shown conclusively that 
the necessary investment will bring large percentage return. 

Next importance the increase passenger traffic which 
may secured the adoption electric operation the reduc- 
tion the cost motive power. This reduction large where 
coal dear, and especially where cheap water-power also 
available within reasonable distance. Niagara Falls power can 
secured large quantities with the load factor which will 
obtainable the electric operation long lines present steam 
railways for from cent per kw-hr. power produced 
large central stations along the line, means gas engines and 
cheap, inferior coal, will cost about twice much central 
station. modern steam-turbine station, under favorable cir- 
cumstances, power with the load factor about five-eighths, which 
easily obtainable busy double-track line about miles 
which would served such station, can produced for 0.7 
cent per kw-hr., inclusive all charges for interest and deprecia- 
tion plant. The transmission the point consumption will 
cheaper with power-stations distributed along the line than 
with one water-power station, the distances will less. Within 
200 miles Niagara Falls, and other equally cheap water-powers, 
there will material saving the use water-power. Electric 
operation, therefore, present most seriously considered near 
large cities where local passenger traffic important, also where 
coal dear, and where cheap water-powers are available. re- 
gards the freight traffic, the problem appears much simpler, 
because the amount traffic and the number and size trains 
may possibly remain the same. Interurban roads, however, 
have begun encroach the freight traffic the competing steam 
roads. single-phase roads will better suited for the running 
trains than the present direct-current trolley roads, this compe- 
tition will become more severe the near future; has been 
such small importance the past, however, that its future amount 
cannot quantitatively estimated with the desired degree 
accuracy. neglected, therefore, the following calculations. 
lines with large passenger traffic the freight movement mainly 
during hours moderate passenger movement. This 
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fact greatly improves the load factor the ratio between the aver- 
age and the maximum amount power used. power obtained 
from water-power plant with practically unlimited amount 
water, its cost production mainly depends the maximum 
amount consumed one time. Any power used other times 
costs practically nothing. The cost transmission also governed 
the maximum consumption. The addition the cost power 
and its transmission, due the electric operation the freight 
traffic, therefore, small wherever the maximum amount power 
mainly determined the passenger traffic. There is, 
therefore, great difference between the cost electrically oper- 
ating given freight traffic, considered separate problem, and 
the cost electrically operating this same freight traffic line 
with large amount electrically-operated passenger traffic; the 
difference greatest where water-power used, but important 
even with steam-power. The two traffics, freight and passenger, 
must therefore considered together; and the cost power and its 
transmission the motors must charged mainly the traffic 
which can best bear it. will found profitable operate 
either both steam both electricity. large reduction 
the cost operating the freight traffic secured adopting 
electric operation, lower freight rates may charged, where neces- 
sary, secure the traffic. great increase freight traffic may 
thereby the result electric operation, making the lower rates 
the more profitable. The amount future traffic, therefore, will 
depend indirectly the new cost operation. determine the 
former, approximate estimate the latter must, therefore, 
made. This leads consideration the technical features 
the problem. These’ features concern the electric motor cars and 
locomotives, the transmission system, and the central power-sta- 
tions. These must all adapted the future amount and kind 
traffic. 


now generally admitted the most eminent electrical engi- 
neers that the use direct currents, 600 700 volts, for trans- 
mitting the power the locomotives means third-rail un- 
economical for the heaviest traffic. Direct currents 1500 
2000 volts, and alternating currents 20000 volts, and 
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suspended contact conductor, are advocated for this purpose. The 
Zossen experiments, near Berlin, Germany, with high-speed trains, 
confirm the conviction few years ago the leading electrical 
engineers Germany. They may summed high-speed, 
and high-veltage alternating currents. that time three-phase cur- 
rents with induction motors were adopted. The single-phase motor 
has since been developed. The investigations which are now under 
way, Sweden, Switzerland, and the United States and 
other countries, for ascertaining the best system electrically 
operating the present steam roads, all assume proven the neces- 
sity higher voltage the contact conductor from which the cur- 
rent gathered the trolley wheel sliding collector. The 
demonstrable savings the transmission system, due the use 
high voltage for heavy traffic, are large that they leave 
doubt regard its adoption. The proof experience that 
high-voltage alternating currents can safely used the trolley 
wire, the invention suitable alternating-current motors, and the 
great reduction the cost electrically operating the heaviest 
traffic which thereby obtainable, promise make the electric 
operation trunk lines under favorable very profit- 
this subject few years ago—before these 
events—had convinced the most competent engineers that the elec- 
tric operation trunk lines, with enlarged street-railway appara- 
tus and the then usual voltages, not profitable. 

For the problem under consideration, the most important trans- 
formation ordinary steam railway with freight and passenger 
traffic into electric road that the Valtellina Railway, 
branch the Rete This branch, near Lake Como 
North Italy, miles long; has large passenger traffic, 
convenient water-power, and country high coal prices, 
all factors very favorable electric operation. has been 
successful operation since September, 1902. Three-phase current, 
20000 volts, produced directly the dynamos the water- 
power central station situated the line. This sent trans- 
former stations the line where reduced volts. This 
carried two suspended trolley wires and the rails the loco- 
motives, where used three-phase induction motors, which can 
connected either singly two cascade for two economical 
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speeds. Regulation for all other speeds obtained water rheo- 
stats. The main objections this system are the double trolley 
wire, which makes very high voltage difficult handle, and the 
poor economy all speeds except two. The double trolley wire can 
avoided the use single-phase current, and good speed regu- 
lation can secured the use variable voltage obtained from 
transformers with variable ratio transformation. 

suitable single-phase motor was unknown few years ago. 
Several such motors are now The motors extensively 
used interurban trolley lines are: Europe, the Winter 
berg motor, the Allegemeine Ger- 
many; and, America, the Lamme motor the Westinghouse 
Company. Neither these motors has yet been made sizes 
large enough for building four-motor locomotives for the heaviest 
present trains. Such motors should have capacity about 500 
p., and should able carry 50% overload for limited time. 
Their size must such that they can placed locomotive 
moderate, rigid, wheel base. The largest motors thus far con- 
structed the Westinghouse Company are 250 p., and two 
locomotives, each with four motors, are required for the heaviest 
freight trains the fastest through passenger trains. These, how- 
ever, can operated one man means con- 
trol, and the main objections the use several locomotives 
one train are thereby removed. These locomotives use high-voltage 
alternate currents, and have excellent speed regulation, giving 
practically uniform efficiency any considerable speed, two ad- 
vantages which far outbalance, especially for trunk-line traffic, 
their inferiority other respects. This latter may summed 
great weight per unit power, limited capacity, high cost, and 
only moderate efficiency any speed. 

the use high-voltage alternating current the locomotive 
the cost the current transmission plant much reduced, and 
the power losses are greatly diminished; the converter sub- 
stations, with their large power losses, are either entirely saved 
replaced far smaller number much cheaper transformer 
stations with small power loss. The total result, for trunk-line 
traffic, great reduction cost construction, maintenance 
and operation, and some saving the amount power needed 
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the power-station. The only commercial experience with alternating 
current operation for moderately heavy traffic with the three- 
phase locomotives Ganz and Company the Valtellina Railway. 
Their system has recently been adopted for the operation the 
Simplon Tunnel. present, the preponderance theoretical 
argument strongly favor single-phase currents for the opera- 
tion roads varied and heavy traffic. The Swedish Govern- 
ment Commission, investigating the subject electric traction for 
their steam railways, assumes this question settled, and limits its 
investigation various single-phase motors. the experiments 
Switzerland the Oerlikon Company, single-phase motors are 
also used. 

Westinghouse single-phase locomotives have recently been 
adopted the New York, New Haven and Hartford Railroad for 
the four-track line from New York Stamford, and the Grand 
Trunk Railway for the Sarnia Tunnel and approaches. evi- 
dent that the tests with these locomotives have convinced the re- 
sponsible officers these companies that suitable single-phase loco- 
motives can constructed. For the steam railway from London 
Brighton, England, single-phase operation has recently been de- 
cided upon. For the Pennsylvania line from Camden Atlantic 
City, with similar kind traffic, direct-current operation has 
been adopted. much practical experience has been obtained 
with direct-current operation with the kind traffic 
roads, which consists frequent small trains, that the results 
which can achieved are accurately known. The adoption 
single-phase operation for the London-Brighton line clear 
proof that its theoretical advantages, even field which has 
the past been considered especially that for direct-current operation, 
must considerable, because, the opinion the responsible 
officers, they succeeded overcoming the advantage extensive 


past experience with direct-current operation similar traffic. 
Schuler and Steinmetz have developed the repulsion-induction 
motor for single-phase alternating currents, but tests with such 
motors large sizes locomotives containing them have been 
made, far known the writer. Another method using 
the power received from the contact conductor, the shape 
high-voltage single-phase current, the Ward Leonard system. 
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The current transformed lower voltage, then, means 
induction motor and direct-current generator, into direct current, 
which used direct-current motors, This system not suitable 
for single cars, but can used electric locomotives, and gives 
excellent and economical speed regulation. Its complication, mod- 
erate economy, inevitably high cost, and great weight, are its 
serious drawbacks. 

All the single-phase motors mentioned have commutator, and 
can also operated with direct current. This last feature val- 
uable during the present transition. There commercial ex- 
perience with single-phase locomotives able handle trunk-line 
trains. convincing proof can furnished regard their 
exact cost maintenance. There are, however, good reasons 
believe that will less than that for steam locomotives equal 
power. 

present, single-phase locomotives promise the simplest and 
cheapest method operating large trunk-line trains. The follow- 
ing estimates, therefore, assume their use. certain kinds 
traffic, direct-current motors with much higher voltage than that 
used present will probably used extensively the future, but 
they are not considered the following. Three-phase induction 
motors may also continue used, but will not considered 
here. 

Power TRANSMISSION. 


The motors receive the current through transmission system 
from one more central power-stations. The transmission system, 
where the source water-power central station feeding long line, 
vill consist the high-tension lines; the transformers, located 
stations along the line, for reducing the pressure; and the contact 
lines the side of, over, the center the tracks, either with 
without feeders. Where heat power-stations are used, they will 
favorable points along the line, where water and coal are cheap, 
intervals varying with the amount and kind traffic and type 
machinery used. Where favorable sites for power-stations can 
current can produced directly the dynamos and sent the 
locomotives without transformation; lower voltage and shorter 
distances may used, especially where the traffic large and con- 
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sists numerous units moderate The use the highest 
practicable voltage especially desirable with very large but in- 
frequent trains. 

very high and dangerous voltage must used the sus- 
pended conductor, essential suspend such manner that 
will never come down. Trolley wires sometimes break and fall. 
Their method suspension, therefore, acknowledged inade- 
quate. prevent their falling, they are suspended from either 
one rope wire immediately above, from two ropes wires 
inclined planes. These carriers are steel, and have considerable 
between supports. Where only one rope used for sup- 
porting 000 0000 grooved copper wire, the strongest winds 
normal the line will deflect the leeward the originally vertical 
plane, containing the carrier, the suspenders and the trolley wire, 
that forms angle about 45° with the vertical. this 
position, ordinary trolley wheel leaving the wire while running 
high speed would often strike the suspenders connecting the 
trolley wire and carrier. This would break the suspenders and 
give violent jerk the wire. might thus break and cause 
its fall. The ordinary trolley wheel, therefore, not safe very 
high speeds. rolling contact, however, desirable order 
diminish the wear the trolley wire and the collector. the 
Valtellina Railway, with maximum speeds about miles per 
hour, long brass rollers with roller bearings have proved most satis- 
factory. This line has two trolley wires not suspended from ropes. 
other roads sliding bows are used successfully. important 
that the point contact should travel along the bow, there will 
rapid wear this not the case. secure this, the trolley 
wire not quite parallel with the track, but runs alternately 
the right and left. With the high speeds trunk-line trains and 
the very high voltages the trolley wire, the greatest possible 
caution appears desirable. 

give more rigidity the trolley wire, put under ten- 
sion. This tension, however, varies greatly with changes tem- 
perature. The suspenders are made stiff prevent the rising 
the wire with the passing the sliding bow roller. With 
high voltage, the insulators are expensive and the leakage con- 
siderable. Where railway has great traffic, and can obtain money 
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4%, substantial structure having small cost maintenance 
becomes more advantageous than short-lived, cheap, wooden 
structure. The timber poles interurban trolley lines, therefore, 
are avoided, and the carrying ropes for the trolley wires are sup- 
ported steel bridges spanning the tracks, with steel towers 
each side. With such bridges, long spans are more economical than 
short ones. With long spans, the vertical sag the rope carrying 
the trolley wire must considerable the highest temperature. 
The wind will then blow the trolley wire out reach sliding 
bow moderate length. this case, therefore, trolley wire car- 
ried single rope not satisfactory. must carried two 
ropes inclined planes meeting the wire. 

satisfactory contact conductor which will safe the highest 
train speeds one the main problems solved before electric 
trunk-line operation can become complete success. 

The method thus far followed, designing new trolley wire 
suspension, has been empirical. The size the wire and the num- 
ber supports have been increased, but attempt has been made 
calculate the effect these changes the strains produced 
the contact wire the sliding bow and the changes tempera- 
ture. theoretical solution this problem has been attempted 
“The Mechanical Theory the Contact Conductor for High- 
Speed Trains,” which, avoid interruption the main argument, 
introduced Appendix this paper. evident that the 
subject under discussion cannot treated exhaustively within the 
limits paper. 


What here attempted show means single instance, 
which typical great many others, what financial results may 
expected from the change from steam electric operation 
trunk lines. The instance used the Lake Shore Railroad from 
Buffalo Cleveland. The writer’s information regard present 
conditions derived from the published report the stockholders 
for the year 1905. This report refers the whole system. The cost 
steam-locomotive operation the assumed amount traffic 
the selected part the line can inferred from the published 
data with fair degree accuracy. For the purpose this argu- 
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ment, approximate estimate the present amount passenger 
and freight traffic sufficient. 

The number passenger trains present given the time- 
tables. There existence competing parallel electric road 
which would undoubtedly improved steam-locomotive opera- 
tion were maintained. The local passenger traffic, which has al- 
ready suffered severely from this competition, would decrease still 
further. There are now approximately daily passenger trains 
going over the line, being local trains. The probable future 
traffic with steam-locomotive operation estimated daily 
trains for through passengers and accommodation trains for local 
passengers. The average number cars per passenger train 
estimated and the earnings per passenger-train car-mile are 
estimated cents. This gives, for steam-locomotive operation, 
passenger-train earnings $3590000. This includes 333 000 
from through traffic and $257 000 from local traffic. 


INCREASE TRAFFIC AND EARNINGS. 


The tracks are very crowded with traffic, and believed that 
would not expedient run single cars cars with trailers. 
The traffic for the shortest distances will probably generally remain 
with the present competing line. establishing frequent fast 
local trains, the passenger traffic for medium distances can 
secured. The combined population the two terminals about 
900 000, that along the line about 180000. estimated that, 
the service hereafter described, the local passenger earnings 
can increased $540000, per head population along 
the line. The increase through-passenger-train earnings esti- 
mated 20% the present earnings. The future loss local 
passenger traffic improved service the competing electric 
road, steam-locomotive operation maintained the Lake 
Shore, estimated $123 000. 

The total difference future passenger-train earnings 
between electric and steam-locomotive operation, 
Increase local passenger 540 000 
Loss local passenger earnings avoided.............. 123 000 


330 000 


rae 
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Recently, has been the policy steam railway companies buy 
the competing parallel electric roads. such purchase and the con- 
sequent removal competition for the local traffic, passenger fares 
can maintained, which give larger profit from the local 
passenger traffic the two lines than would obtainable them 
when competing with each other and each lowering the fares for 
the purpose securing larger proportion the total traffic. This 
increase profit can divided among the two companies, and the 
change ownership can thereby made profitable both. 

the steam railway electrified before the purchase the 
competing electric line the prospective earnings the latter are 
much reduced. This will correspondingly reduce the purchase price. 
The prospective loss earnings due the inferiority steam rail- 
way operation can only avoided the introduction electric 
operation, because when the steam railway purchases the competing 
electric road, the price includes the capitalized value this loss 
earnings. The avoidance this loss, therefore, one the gains 
secured the electrifying the steam road even the latter 
afterward buys the competing electric road. 


AND TRAINS. 


present there are, approximately, passenger trains eight 
cars, 224 passenger-train cars, going over the line per day. These 
could not materially reduced number, spite decreased 
local traffic. these cars, 208 are through trains. With 20% 
through passenger-train earnings, 250 cars would 
required for the through trains. For the increase local 
passenger earnings, with earnings cents per car-mile, cars 
per day going over the line would required. This gives cars 
per day for local traffic, total 300 cars per day for the whole 
passenger-train traffic. 

The future traffic can provided for average daily 
trains cars and average daily trains cars, giving 
total 303 cars going daily over the whole line. reality, the 
number trains and cars per train would vary with the sea- 
sons and, different parts the line, with the density popula- 
tion along the line. the increase passenger traffic will 
greatly affected the schedule speeds, and high-speeds can 
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secured moderate cost electric operation with cheap water- 
power, will advantageous increase greatly the average 
train speed. average increase one-third over present speeds 
has been assumed the following calculations. The through trains 
cars, therefore, should have schedule speed from 
miles per hour, according the number stops. The 5-car 
trains should have speed from miles per hour with 
stops from miles apart. 


Capacity AND Cost Motive Power. 

The 9-car train would weigh, with locomotives, 500 tons. The 
5-car train, with motor cars, would weigh 250 tons. 

Two electric locomotives would required for the 
long trains, and three 500-h. motor cars would needed for the 
short ones. The horse-power here given not the commercial 
rating, but the average capacity the motors service. 

The present freight traffic estimated revenue and work 
trains per day going over the whole line. assumed that the 
amount freight traffic will not affected the method opera- 
tion. The average weight the freight trains estimated 
tons. The trains going east are much heavier than those going 
west. Two 1100-h. locomotives would needed for the heaviest 
trains. Two such locomotives can haul train 2200 tons 
miles hour over level, straight track. average two 
locomotives used per train, much higher speeds can main- 
tained than with the present steam locomotives. Assuming 000 
revenue train-miles per year per electric passenger locomotive, two- 
thirds this number per motor car, and 000 per electric 
freight locomotive, which allows for the fact that each train 
assumed have two three motor units, there will required, 
for the above traffic, passenger locomotives, freight locomo- 
tives and motor cars. 

From various data, the following safe estimate the cost 
this motive power equipment obtained: 

passenger locomotives, each 1100 p., $33 000. 386 000 
freight locomotives, each 1000 p., $30000...... 
motor cars, each 500 p., $18000........... 1080000 
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The present passenger traffic requires 14960000 car-miles, or, 
with 000 car-miles per car, 332 cars. The future traffic will give 
70000 car-miles per car. will require 76032000 car-miles per 
year, not counting the motor cars, which there are each 
car train. There will needed 229 passenger cars; and 103 pas- 
senger cars will saved. From data the published report 
the Lake Shore Railroad inferred that 150 locomotives will 
saved. 

The value the rolling stock saved estimated 
The net cost new rolling stock, therefore, 
Less........ 2286000 


880 000 


The length track present the 183 miles line between 
Buffalo and Cleveland estimated 550 miles. The larger pas- 
senger traffic will require additional track: The necessary new 
track estimated miles, its cost 000. 

For this traffic there would required seven transformer sta- 
tions having total capacity 45000 kw., costing, complete, 
per kw., each track needed 1}-in. suspended 
contact rod with suspenders ft. apart; for each rod, one 1-in. 
carrying rope tons ultimate strength, with ft. maximum 
vertical sag and 350-ft. spans. For every 350 ft. line one over- 
head bridge will span the tracks and supported between two 
steel transmission towers. The towers are required carry the 
high-tension lines and feeders. reduce the average loss 
the secondary circuit, with maximum traffic and with 
volt, single-phase current, two No. gauge, copper 
feeders are required for each pair The contact rods 
should insulated sections miles long, the ends and center 
the sections connected the feeders circuit breakers, that 
any section the rods can cut out case short-circuit. 
The rails must bonded and cross-connected serve re- 
turn account the low conductivity the rods for 
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alternating currents, the transformer stations must nearer to- 
gether than 0000, gauge; contact wires are used with the 
same relay feeders. The contact rods carry for most the distance 
but small current, and the rail return circuit the transformer 
stations shorter than with contact wires. The secondary circuit 
with contact rods, therefore, has about the same self-induction 
the longer secondary circuit with contact wire. 

The cost the secondary circuit, the towers along the line 
for the primary circuit, and the transformer stations, all per mile 
track, will approximately follows: 


steel structure, insulators, 


circuit-breakers, etc. 428 
Transformer stations 600 
Contact rods and suspenders ........ 712 
No. feeders and accessories......... 

Total per mile track........ 800 


This makes the total cost, for 600 miles track, 880 000. 
The cost steel erected assumed cents per lb.; that 
concrete foundations, per cu. yd. 


Power TRANSMISSION 

Power would obtained from Niagara Falls. Two lines 
steel towers, each miles long, would required between Buffalo 
and Niagara Falls, $2000 per mile, and would cost 
The cost towers along the line included the cost the 
contact line. 


will needed the primaries the transformers the 
transformer stations along the line. The average distance trans- 
mission these stations 117 miles. the average voltage re- 
ceived 50000, and the loss transmission 15% the power 
leaving the power-station, the power factor 85%, and single- 
phase transmission used, then the quantity copper required for 


ry 
| ‘ 
| 
4 
| 
| 
) 
i 
| 
| 
q 
| 
} 


STEAM VERSUS ELECTRIC RAILWAY 473 


the high-tension transmission line approximately 
This copper costs, place, with accessories, about cents per 
This gives for its total cost $1122000. aluminum line would 
probably cheaper. The amount power needed for the trains 
given above obtained follows: 

The train resistance for freight trains estimated lb. per 
ton. This intended cover the small amount power lost 
the use the brakes, which includes the net grade resistance 
the nearly level line. The train resistance through passenger 
trains estimated lb., that the local trains per 
ton. This includes the power wasted the use brakes. The 
last estimate based running sheets assuming acceleration 
1.2 ft. per sec. and retardation the brakes 2.4 ft. per sec. 

Power used for lighting the trains, for the operation the 
brakes, and for switching. These last three items are estimated 
15% for freight trains, 74% for through passenger trains and 
for local trains. 

per day, the following formulas for the horse-power needed the 
daily freight trains averaging 1600 tons, the daily through 
passenger trains averaging 500 tons, and the daily local passen- 
ger trains averaging 250 tons, each running over the 183 miles 
line, are self-evident: 


X1.05 2914 


315 
The tracks will crowded that the freight trains must run 
mainly during times small passenger traffic. load factor 
two-thirds, therefore, can easily secured. The maximum power 


required the wheels the motor units, therefore, will 
315 27473 The average efficiency the electric locomo- 


tives and motor cars will least 70%; that the low-tension 
transmission, 15000 volts, 96%; that the step-down trans- 
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formers, per cent. This gives efficiency, from the primary 
the step-down transformers the wheels the motor units, 
0.70 0.96 0.97 0.6518 per cent. The maximum power re- 
quired the primary the step-down transformers, therefore, 


473 

The efficiency the high-tension transmission 85%, when the 
maximum power transmitted. The total efficiency from the 
step-up transformer station the wheels the motor units, there- 
fore, 0.6518 0.85 55.4 per cent. 

The maximum amount power required the secondary the 
step-up transformers, therefore, 49600 p., approximately, 
50000 $12 per this will cost $600 000 per year. 


AND Cars. 


The cost maintenance and depreciation the loco- 
motives not known. estimated cents per train-mile, 
$3500 per passenger locomotive and $2500 per freight loco- 
motive per year. This probably excessive. The cost main- 
tenance and depreciation motor cars estimated cents per 
train-mile, $1867 per motor car per year. The cost main- 
tenance and depreciation passenger cars estimated 1.4 
cents per car-mile. 

With steam-locomotive operation, approximately 224 cars over 
the whole line daily. The future traffic will require 303 passenger- 
train cars run daily over the whole line. these, will 
motor cars and 240 other passenger-train cars, increase 16. 
This represents 1068 800 car-miles per year. The increase cost 
maintenance passenger-train cars, exclusive motor cars, 
therefore, per year. The cost train service and motive 
power estimated follows: for the traffic with steam- 
locomotive operation. 

Cost Steam-Locomotive Power—The Lake Shore Railroad 
report for 1905 gives the cost locomotive power per locomotive- 
mile for the whole system 32.07 cents. The revenue train-mileage 
The locomotive mileage 741 488. 

The cost locomotive power per revenue train-mile, therefore, 
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741 488 

901 016 
ger trains and revenue freight trains per day represent 
train-miles per year. The total yearly cost locomotive power 
the line and for the traffic here considered, therefore, 277 000. 
The trains are larger this line than the average train the 


32.07 55.28 cents, say, cents. The passen- 


system; for this reason this probably underestimate. 

Cost Electric Locomotive and Motor Car elec- 
tric operations the cost motormen for passenger trains esti- 
mated cents, and for freight trains cents, per train-mile. 

Cost Train other trainmen the freight 
trains will cost considerably less with electric than with steam-loco- 
motive operation, owing the higher train speeds practicable with 
the former. The new passenger trains will have about one-third 
more cars running daily over the whole line and one-third greater 
speed; the cost car service, therefore, will remain about the same. 

Cost Maintenance the opinion high authori- 
ties, the cost maintenance way mainly caused the steam 
locomotives. The excessive weights the drivers the largest 
locomotives, especially high speeds, are very severe the track. 
The imperfectly balanced drivers and the heavy reciprocating parts 
produce vertical hammering and lateral swaying. The electric loco- 
motives have heavy reciprocating parts, and the weights the 
drivers are very moderate. The cost maintenance way will 
probably largely reduced. The amount this reduction un- 
known, and here neglected. 

Summary Comparison results these con- 
siderations are the following tabulation: 

Estimated future daily trains 183 miles line from Buffalo 
Cleveland with steam-locomotive operation: 

passenger trains cars, 
revenue freight trains, 
work trains. 


Estimated future passenger earnings with steam-locomo- 
Estimated increase passenger earnings electric 


Future passenger earnings, with electric 000 


i 
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Future trains with electric operation: 


revenue freight trains, 

work trains, 
passenger trains cars, 
passenger trains cars. 


Cost new plant for electric operation: 


miles tower lines 

lb. copper for high-tension lines, place, 
with switches, lightning protection, etc 

Overhead contact lines, sub-stations, and track bonding, 
ete., for 600 miles track 

miles new track 


102 000 


166 000 
150 steam locomotives and 103 passenger cars saved.... 2286000 


Net cost new rolling stock 880 000 


Total ... 982 000 
Contingencies 798 000 


Total new investment 780 000 


Cost electric operation future traffic: 


Maintenance and depreciation miles tower 

lines, 
Maintenance copper, for high-tension lines, 14% 800 
Maintenance and depreciation 600 miles contact 

line and sub-stations, 
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Maintenance and depreciation electric locomotives, 
Maintenance and depreciation motor cars, cents 


Motormen freight trains, cents per train-mile...... 148 296 
Motormen passenger trains, cents per train-mile.. 170 
Increase cost maintenance passenger cars...... 000 

Interest and taxes cost plant, 5%........... 

929 790 
Cost steam-locomotive power saved................. 2277000 


Increase passenger 330 000 


This 19.1% the capital invested, and addition 
about interest counted among the yearly expenses. the 
power were derived from four steam-turbine power-stations along 
the line, the stations with their machinery would cost about 

3200000. The transformer sub-stations could replaced 
teeders. The power could produced the stations the form 
cost the transmission system would about $1200000. The 
net increase investment would about 000 000. 

The efficiency transmission would about 95%, and the 
total efficiency, from power-stations wheels, 0.70 0.95 66.5 
per cent. The average power required the power-houses would 
approximately 600 kw., its cost the power-house would ap- 
proximately $60 per kw. per year, 236 000, allowing the 
cost the plant for interest and taxes. 

The cost water-power and its transmission, amounting, 
with interest and taxes transmission plant, would 
saved. The net increase yearly cost operation and interest 
and taxes, therefore, would $555100. This would reduce the 
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yearly gain from electric operation $1142200, 10.6% 
the investment. Adding 4%, previously allowed, the total 
return the invested capital would 14.6 per cent. With the 
more expensive steam power, better financial results would probably 
obtained with slower passenger trains, requiring much less 
power. apparent, therefore, that the electric operation lines 
similar amount and kind traffic will profitable even where 
water-power available. The density population along the 
line, the degree its prosperity, the presence absence com- 
peting electric line, and the fare per passenger-mile determine the 
increase local passenger traffic that can counted upon. The 
amount existing through passenger traffic the line considered, 
and the intensity competition for it, well the amount 
the through passenger traffic the competing lines and the fare 
per passenger-mile, determine the increase through passenger 
traffic which will the result electric operation and the conse- 
quent improvement the service. all lines large traffic, the 
increase traffic capacity given number tracks will give 
very valuable advantages which have been entirely neglected 
this calculation. 
ALTERNATE 

The adopted estimates the increase the passenger earn- 
ings are based voluminous statistics the amounts passenger 
earnings secured the interurban electric roads. These statistics 
can found various technical and financial periodicals the 
last few years. 

The writer was greatly surprised the amount new passenger 
traffic developed these roads. Without knowledge the results 
obtained them, would have considered excessive the estimates 
here given for the probable increase earnings due the intro- 
duction electric operation. would probably require longer 
paper than that here submitted convince those unfamiliar with 
the facts here referred that the estimate herein adopted 
conservative and will more than confirmed the actual results. 
Since this estimate will accepted reasonable but few with- 
out the elaborate proofs which cannot here given, desirable 
show how lower estimate the increase earnings will 


affect the rate return the invested capital. 


| 
‘ 
q 


STEAM VERSUS ELECTRIC RAILWAY OPERATION. 479 


Where Niagara Falls other equally cheap power obtainable 
can easily shown that the electric operation line with the 
traffic here assumed advisable even with one-half the increase 
passenger earnings above estimated. The reduction $665 000 
passenger earnings, compared with the foregoing estimate, 
would permit reduction one the average number cars per 
passenger train. The locomotives for the through passenger trains 
would then have 1000 p., and the local passenger trains 
would require, with slight reduction the schedule speeds, 
average motor cars instead This would reduce the power 
required 94% the former amount. equal reduction would 
take place the required capacity the transformers, and the 
amount copper the high-tension lines. 

The number motor cars required would reduced 40. 

The reduction cost plant would approximately follows: 


Copper for high-tension line........... 67300 


Electric locomotives ........ 126 000 


$654 900 
Contingencies 10% ......... 500 


Total reduction cost plant.... $720 400 


This gives the revised cost plant 059 600. 
The reduction yearly cost operation would follows: 


Maintenance sub-stations.......... 1000 


Maintenance and depreciation motor 
Maintenance passenger cars........ 570 
Interest and taxes cost plant...... 020 


Increase net saving............ 
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The new net saving electric operation would $479 200. 
$665 000 added, for the new increase passenger earnings, 
the result will the total gain operation. 
This 14.2% the total investment. The total return invested 
capital, inclusive about interest allowed among the operating 
expenses, therefore, 18.2 per cent. This estimate will undoubt- 
edly appear more reasonable those unacquainted with recent re- 
sults interurban electric roads. 

hauling freight passenger car mile steam locomotive and 
electric power. this calculation fair include the in- 
terest and taxes the cost the plant, because the stockholders 
the corporation, who will govern the decision, are mainly in- 
terested the question whether the cost hauling, inclusive 
the new interest charges, increased decreased. 

found, distributing the total cost locomotive power 
among the number revenue train-miles, that the cost per revenue 
train-mile approximately cents. this cost assumed 
the same for passenger and freight trains, there obtained, with 
cars per passenger train, 6.875 cents, the cost per car-mile. 
This does not include the interest and the taxes the value the 
and tender. Taking their value and esti- 
mating, from published data, the number revenue passenger 
train-miles per locomotive 33000 per year, and taking interest 
and taxes 5%, the interest charge per car-mile equal 

000 
ing passenger car mile revenue train steam locomotive 
6.875 0.287 7.112 cents. This includes the estimated share 
the cost switching and work trains. 

The freight cars present use vary considerably size. The 
writer has calculated the cost hauling mile car weighing 
tons when fully loaded, inclusive the estimated share the 
cost the switching and work trains. 

For the average train 1600 tons, the locomotive and tender 
will weigh approximately 150 tons. The cost hauling train 
mile cents, exclusive interest and taxes. Taking 
revenue freight train-miles per locomotive per year, the interest 


0.237 cents. This gives for the total cost haul- 
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500 0.05 
000 
makes the total cost hauling freight train mile, including 
proper share the cost the switching and work trains, 57.71 
cents. The average train 1600 tons, inclusive locomotive, 
contains 20.71 cars tons. The cost per car-mile, therefore, 


and taxes per train-mile amount 2.72 cents; this 


2.788 cents. 

Cost Electric Haulage.—For determining the cost electric 
power the motor car electric locomotive, there must added 
the cost the power-house that transmission. The cost the 
transmission plant proportioned for receiving 50000 and de- 
livering motor cars 39575 $4102000. The total cost 
the delivered power, therefore, follows: 


interest and 205 100 
Maintenance copper, etc............ 800 
Maintenance secondary lines and 
transformer stations ............. 115 200 


Total cost train 39575 p...... 


Cost per horse-power per year, $23.75. 

Since the load factor two-thirds, the horse-power-year con- 
tains 8760 h.p-hr. The cost power per horse-power-hour 
used motor car locomotive, therefore, 0.4067 cents. 


The power required the wheels for hauling daily through. 


passenger trains distance 183 miles was found 4328 
This includes the power required for switching, train lighting and 
the operation the brakes. does not include the power for 
the the cost steam power, all the costs power 
have been charged the revenue trains. Following the same method, 
the cost the power for the work trains will charged the 
cost hauling the passenger trains. The cost power per pas- 

cents, These trains have average cars; the cost 


senger train-mile becomes, therefore, 
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power per car-mile, therefore, 2.012 cents. The costs incurred 
the locomotive, per revenue train-mile, are cents for mainten- 
ance and depreciation, cents for motormen, 4.73 cents for interest 
and taxes, total 17.73 cents, 1.97 cents per car-mile. This 
gives the total cost hauling passenger car mile 2.012 197 
3.982 cents. The schedule speed this car one-third greater 
than that the car hauled the steam locomotive. This higher 
speed increases the energy required about per cent. The cor- 
responding cost steam-locomotive haulage the slower speed 
was found 7.112 cents. Steam-locomotive haulage the higher 
speed, practicable all, would cost more than twice much 
electric haulage. 

was found that takes 11073 898 10175 haul 
daily revenue freight trains distance 183 miles. The cost 
175 


power per revenue train-mile, therefore, 


0.4067 
22.81 cents. 


The costs per train-mile the locomotive are: 

Maintenance and depreciation, cents; motormen, cents; in- 
terest and taxes, cents; total cents. 

The cost hauling freight train mile, therefore, 


44.8 
22.81 44.81 cents. This 2.164 cents per car- 


mile. This includes the cost switching and the operation the 
brakes. 

The speed one-third greater than with steam locomotives; 
this reduces the cost the train crews per train-mile. The cor- 
responding cost steam haulage the slower speed 2.788 cents. 
the same manner the cost hauling with electric power pas- 
senger car 5-car train found 5.09 cents. The schedule 
speed one-third greater than for steam trains with the same 
number stops. All items cost that are the same with steam 
locomotives and electric operation have been omitted these 
comparative 


Unless these calculations are greatly error, evident that 
the electric operation many steam railroad lines will extremely 


STEAM VERSUS ELECTRIC RAILWAY OPERATION. 483 


profitable, especially where the passenger traffic large, where there 
are existing parallel electric lines, and where cheap water-powers 
are available. 

The writer indebted the General Company for in- 
formation regard the cost single-phase motor cars and loco- 
motives. This information, however, was received two years ago, 
end the prices given this paper are based mainly later pub- 
lished prices. All estimates cost electric plant and operation 
were intentionally taken very high. Future experience alone can 
determine the accurate costs electric operation. The writer 
convinced that the cost electric operation here given ex- 
cess what will prove upon actual trial. The figures 
given were chosen with view being able prove from past 
experience with similar, though not identical, apparatus and plant 
that they are least adequate. The cost single-phase electric 
locomotives and motor cars will probably greatly decrease within 
short time, and this will make possible much better showing for 
electric operation. 

For roads with small traffic, entirely different and much 
cheaper contact line, and smaller and slower trains would used. 
The results here obtained not justify any inference either for 
against the electric operation such roads. 

The arguments given this paper are the result the con- 
densation and revision several voluminous reports, the writer, 
this subject. After discussion, further details will given 
points which are contested, the writer able so. 

Various estimates the cost electrically operating given 
amount either freight passenger traffic have been published. 
The writer believes that the only way obtain correct answer 
the question, Will electric operation pay? consider the prob- 
lem whole, and compare the probable increase future net 
earnings, due the changes and improvements passenger ser- 
vice which become practicable and will adopted with the intro- 
duction electric operation, with the required new investment 
capital. Wherever electric operation has been adopted, the gain 
passenger earnings has been far the most important factor 
making the change profitable. The writer hopes that the discussion 
will bring forth valuable new information various parts the 
subject. 
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DIX. 


THE MECHANICAL THEORY THE CONTACT CON- 
DUCTOR FOR HIGH-SPEED TRAINS. 


contact conductor absolutely straight when the sliding 
bow passes over it. The latter, therefore, does not move 
straight line, but rises and falls alternately. There are two methods 
keeping the contact conductor approximately straight. One con- 
sists using rod, sufficient cross-section resist the bending 
stresses which exposed and avoid temperature stresses 
means expansion joints. The other method consists using 
wire under tension. This wire will pushed the pressure 
the sliding bow and then pulls down both sides it, 
large, and especially grooved and has elongated cross- 
section, has also considerable stiffness and resists some part 
the pressure the sliding bow acting girder. The tension 
the wire will vary greatly according the temperature. The 
modulus elasticity copper wire about 20000000 lb. per 
sq. in.; the coefficient expansion 104 400 per degree Fahren- 

140 
820 lb. change tension per sq. in. the length the wire 
remains the same. the wire has always the same length, excessive 
strains minimum temperatures can only avoided making 
the tension maximum temperatures very small. With rope sus- 
pension and 300-ft. spans, the deflection the wire, with changes 
temperature, varies only about ft. The length the wire 
changes little that this change quite negligible, the wire 
taut summer. This practically constant length the con- 
tact wire one the serious drawbacks rope suspension, 
greatly increases the variation tension due changes tem- 
perature. 

the sliding bow moves rapidly and down, its pressure 
the contact conductor will vary greatly. may become great 
break the conductor, may become zero and cause separa- 
tion sparking. investigation these varia- 
tions pressure between sliding bow and contact conductor, there- 
fore, essential making rational design either. The 
lation somewhat simpler with contact rod acting only 
girder than with wire acting tensile member and girder. 
For this reason the writer will begin with the former. 

will assumed that soft steel rod, in. diameter, 
susponded from rope suspenders ft. apart. This rod, be- 


heit. the temperature varies 140° there 


q 
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eause its weight, will not hang straight, but waved 
The equation its curve between two succeeding suspenders is: 
this equation, 
the modulus elasticity the material 000 000 Ib. 
per sq. in.; 
the moment inertia the cross-section the rod 
0.07862 in.; 
the length the panel 180 in. 

The origin co-ordinates the intersection the suspender 
with the rod. First, will assumed that the sliding bow 
roller which collects the current moves along this curve with 
velocity miles hour in. per sec., and the variation 
pressure between contact rod and oscillating sliding bow will 
investigated. the time begins when the sliding bow passes 
suspender, and designates the distance the point con- 
tact from the same suspender, then where the velocity, 
inches per second, and the time, seconds. The current col- 
lector moves the curve given the equation: 


Differentiating the equation twice gives 
This gives, for the end the span, 


9 

2 
The expression, evidently the acceleration the verti- 
cal motion the contact point the current collector. This accel- 
eration produced the resultant the forces acting upon it. 
These forces are the downward pressure the contact conductor, 
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the weight current collector, and the upward pressure the 
springs supporting the latter. The collector itself may spring 
which only the part and near the contact point moves 
and down, that the weight moving and down small; 
may roller, copper brass, which rigid and moves 
and down whole. The ends the roller must supported 
springs for the purpose reducing the weight moving and 
down once each span. 

Past experience trolley lines and the Valtellina Railroad 
strongly favor rolling contact between the wire and the 
collector. The roller, however, not practicable, will shown 
the following, where the highest speeds and contact wire car- 
ried frequent suspenders are used. 

With contact rod sufficiently light roller can easily de- 
supported springs sufficiently yielding not transmit the rapid 
and down oscillations the frame below, then the force needed 
produce the acceleration given above, for 

above, all dimensions being inches, then 


The meaning these results that the suspenders, where 
the curve the contact rod convex above, the collector presses 
upward not only with the pressure which exerts when moves 
straight line, rest, but with this pressure increased 
42.19 due its curved motion. the center the 15-ft. 
span the curve the contact rod convex downward. The pres- 
sure the roller reduced 21.1 due the curvature the 
rod. avoid the separation the collector and the contact rod, 
the pressure when rest must least 21.1 allow for in- 
accuracy and leave moderate minimum pressure produce good 
contact, should somewhat larger, say 

The radius curvature the rod any point approxi- 

mately equal This gives, for the radius the suspender, 


from the above equation the curve, 253 ft., and for the 
center the span, 506 ft. The variation pressure between 


q 
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the sliding bow and the contact rod might also considered 
the variation the centrifugal force during the motion curve: 
The centrifugal force 


tion the curve, seen that this formula identical with the 
previous one. 

The deflection the curve the center the span in. 

From these results, evident that the high speeds here as- 
sumed apparently trifling deviation from straight line motion 
produces large variation pressure the contact conductor. 

pressure the contact conductor when rest should 
certainly touch the conductor the center each span. 
The pressure, when the suspenders, then 41.2 
66.2 With the rod assumed, this would produce compression 
the suspenders and would also produce larger strains than desirable 
the rod. From the formula for clear that doubling the 
velocity means four-fold increase the variation pressure 
the contact rod, due velocity. the foregoing has been as- 
sumed that the curve the contact rod remains unchanged when 
the collector passes. The collector, when the center the span, 
exerts only trifling pressure the rod. This pressure slightly 
diminishes the deflection and curvature, and improves the contact. 
When the collector near suspender exerts consider- 
able pressure, but diminishes the tension the suspender nearly 
the same amount; this largely neutralizes its effect the curva- 
ture. The error the foregoing results, therefore, small. 

The proper size the contact rod evidently depends the 
maximum train speed and the oscillating weight the col- 
lector. With speed miles hour, and rigid collector 
weighing above the supporting springs, rod in. diame- 
ter advisable. 

With this rod, the suspenders can spaced ft. apart without 
risk compression when the sliding bow passes. Calculation 
shows that the center deflection such rod only in. The 
and down oscillation the collector increases the pressure the 
contact conductor when passes the suspender, and de- 
creases the pressure Ib. when the center the span. The 
pressure when rest may made lb. The maximum pressure 
will then and the minimum The largest bending 


Therefore, obtained from the above equa- 
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strain per square inch the rod will smal) that will 
safe even with welds mediocre quality. The collector roller 
might considerably heavier than lb. without risk breaking 
the contact rod. With 1}-in. contact rod, therefore, easy 
design rolling collector which has abundant strength and 
very durable, thus greatly diminishing the cost maintenance. 

contact rod with expansion joint and suspender clips 
shown Plate XLI. 


Contact WIRE. 


contact wire under tension, with suspenders ft. apart, 
practically straight. When the sliding bow comes along, bent 
up. The deflection varies with the pressure the sliding bow and 
the tension the wire, short spans, also inversely with its stiff- 
ness. With 140° fahr. variation temperature, the tension 
820 lb. per sq. in. more the minimum than the maximum 
temperature. The total strain the wire from all causes should 
never reach the elastic limit. The elastic limit hard-drawn 
0000 copper wire about 35000 lb. per sq. in. has previously 
been seen that very small deflection the conductor with 
very even curves produces large variation the pressure between 
the current collector and the contact conductor. deflection 
the pressure collector weighing lb. This variation pres- 
sure arises from, and proportional to, the sum the maximum 
acceleration and retardation the vertical motion the collector. 
Assuming 10-ft. spans between two succeeding suspenders the 
contact wire, the time one oscillation the vertical motion 
ten-twelfths the time with the above considered contact 
rod 12-ft. span. From the general formula for uniform accelera- 


acceleration, and the time, follows that, other things being 
equal, the acceleration inversely proportional the square the 
time within which certain distance covered. the uniformity 
the acceleration and retardation and the amplitude the ver- 
tical motion are the same, then 10-ft. spans require 1.44 times the 
maximum acceleration 12-ft. spans. The maximum accelera- 
tion with given uniformity motion also proportional 
or, this case, the amplitude the vertical motion. The variation 
the contact pressure proportional the maximum acceleration 
multiplied the oscillating weight. The oscillating weight can 
reduced using sliding bow which spring. Only part 
its weight will then move and down with the lower face 
the wire. will assumed that practicable reduce this 
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manner the effective oscillating weight lb. obtain varia- 
tion pressure lb. between the current collector and the 
contact conductor, the same with the rod 12-ft. span, 

Another course reasoning for determining the relation be- 
tween the variation the contact pressure and the amplitude 
the vertical oscillation the sliding bow follows: 

The sliding bow presses with static pressure, Z,. The con- 
tact wire cannot balance this pressure without upward deflection. 
The sliding bow, therefore, rises between the suspenders and falls 
the suspenders. moves and down with accelerated 
retarded motion. the upward acceleration the 
weight the oscillating part the sliding bow, the accel- 
eration gravity, and the varying dynamic pressure 

The largest positive and the largest negative value attained 
with given train speed and distance the suspenders 
and the oscillating weight, the amount variation the contact 
pressure. For given amplitude oscillation, would 
smallest were constant during the acceleration and constant 
during the retardation. The oscillation would then consist 
uniformly accelerated upward motion followed uniformly re- 
tarded upward motion; these would followed uniformly 
accelerated and uniformly retarded downward motion. The up- 
ward motion would take half the time one oscillation, the down- 
ward motion the other 

The accelerated upward motion would one-half, the retarded 
upward motion would the other half, the total upward motion. 
the variation 
2aX6 
32.2 


The total variation pressure would 


and 062.6 in. 
The amplitude the oscillation would the distance covered 
during the accelerated, plus that covered during the retarded, up- 
3-49) 
0.0213 
sec. The amplitude, in. reality, the accel- 
eration during the accelerated upward motion varies from maxi- 
mum and the retardation increases from maximum. 
evident, therefore, that the amplitude, 0.4824, much larger than 
the actual one. The assumption that the acceleration uniformly 


ward motion. The time for each these 
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decreases from the beginning the end the upward motion, be- 
ing the end upward motion negative and equal the accel- 
eration the beginning, therefore corresponds more closely the 
facts than the assumption above made. 

accordance with this new assumption, 062.6 in. and 
062.6 t,t 0.0426, corresponds the end the up- 

2 

integrating 


therefore 


integrating again: 

for 
therefore 

For 0.0426, 0.3215 in. which the amplitude oscilla- 
The value previously found, namely, in., confirmed, 
therefore, least approximately correct. 

The minimum tension the wire which will limit the amplitude 
oscillation in. must now determined. The static 
pressure the sliding bow will assumed 
and the oscillating weight lb. the sliding bow were not op- 
posed during the upward motion, which assumed cover half 
2032.2 
1.17 in. The opposing pressure the wire must 
reduce this 0.320 in. 

The opposing pressure the wire due mainly its stiffness 
and its tension. 

Assume 0000, gauge, hard-drawn, copper wire elong- 
ated cross-section, equivalent two wires touching and connected 
contact. Such wire has depth cross-section 0.65 in. and 
moment inertia, around the short axis through the center the 
cross-section, 0.005476 in., and, consequently, moment re- 
sistance 0.01685 in. such wire with free ends exposed 
deflecting force, acting distance, from one end and 
from the other end 120-in. span, the equation for its deflec- 


the time one oscillation, would rise distance, 
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the foregoing values and gives 

force, P;, acting the distance, from one end the span, 
shown Fig. then, for small deflections, approximately: 


therefore, 


The total resistance opposed deflection stiff wire under 
tension approximately P;. Table gives, for different 
culated the foregoing formulas for tension, 1000 


TABLE 


Assuming the uniform motion most favorable small varia- 
tion the contact pressure, then the minimum pressure 16.5 
less than the static pressure equal 3.5 The 
upward motion occurs approximately the center half the 
span; its beginning about when 0.25 The deflection 


the wire then 0.07 in. the amplitude oscilla- 


tion 0.320 in., the deflection the end the upward 
motion 0.39 in. With this deflection, and with 0.75 
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(which gives the same pressure 0.25 the opposing pressure 
4.985 3.9 19.44 lb. The opposing pressure should 
3.5 36.5 lb. With the tension assumed, the amplitude the 
oscillation would larger. would about 0.67 in. the varia- 
tion pressure did not increase with the larger amplitude. This 
result indicates that the tension assumed not adequate prevent 
the jumping the sliding bow. The upward motion, however, may 
take place not quite the center half the span. begins 
with 0.3 and ends with 0.8 the deflection the wire 


the beginning 0.1 0.08. 0.08 0.4, and the 


opposing pressure the end 5.951 23.804. This oppos- 
ing pressure also quite inadequate. 

the upward motion did occur between 0.4 and 0.9, 
then the opposing pressure the end the upward motion would 
ample. evident, however, that the upward motion will occur 
near the middle half the span, where the resistance opposing 
smallest. The writer believes that the above reasons amply justify 
the statement that tension the wire less than 1000 
certainly inadequate prevent the jumping the sliding bow. 

Increasing the static pressure the bow remedy for the 
evil, this would increase the deflections the amplitude the 
vertical oscillation, consequently the maximum acceleration and 
retardation and the variation the contact pressure. The only 
remedies are diminution the oscillating weight increase 
the tension the wire. The various small inaccuracies the 
foregoing calculation are not great enough vitiate the above in- 
ference because the deficiency the opposing pressure the wire 
very large. The writer has assumed that practicable, 
spring support the wire the suspender, regulate the vertical 
oscillation the sliding bow that the and down motions 
each take one-half the time one oscillation. the oscillation 
irregular, which probably unavoidable, then the maximum accel- 
eration and retardation during the more rapid part the oscilla- 
tion will larger than estimated above, the variation contact 
pressure will greater, and greater tension the wire will 
required prevent jumping and consequent sparking. The above 
minimum tension 1000 lb. per sq. in. wire. The 
maximum tension per square inch the lowest temperature 000 
32820 This will increased the normal pres- 
sure the passing sliding bow. 

The writer will now consider the effect the pressure the 
sliding bow wire under great tension. The wire will bent 
up. the tension and the deflecting force, then the wire, 
near will bent curve. 
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the angle the two end tangents then for small 


values The bending moment any point, equal 
Aa, multiplied the distance the end tangent from the 
point, the curve. the point application the bending 
wire any point, then the bending strain per square inch the ex- 


treme fiber iss 000 000 where 000 000 the 


modulus elasticity copper wire. 0.65 in. 


Therefore, 


forces and the moment resistance the cross-section the 


wire. From these equations, 


The value corresponding toa given value would 
smallest the maximum curvature extended over the whole length 


equal and the bending moment the contact point the 
sliding bow would or, introducing for its value, 

VRT 


The maximum value 820 lb. per sq. in., 470 
lb. the maximum pressure the sliding bow 

9 
0.01685 
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This value not the actual value, but the value correspond- 
ing circular curve. The curve actually straightens out toward 
the ends. The length the curve corresponding the angle, 
and the distance, therefore, greater than assumed. From 
this known that the bending strain the wire, per square inch 
extreme fiber, considerably more than lb. 

When there wind, the wire blown leeward, and the 
long axis the cross-section becomes inclined instead vertical. 
The upward pressure the sliding bow will twist the wire when 
the contact point near the center the span that the long 
axis becomes still more inclined. were horizontal, the bend- 
ing strain would 1.58 times large above calculated. 

The bending strain must added lb. obtain the 
total strain. The sum exceeds the elastic limit the wire. 

view the fact that breaks trolley wires much smaller 
size seldom occur, important bear mind that the variation 
the pressure the current collector, and consequently its maxi- 
mum pressure, varies approximately the square the frequency 
oscillation. The frequency oscillation varies the train 
speed, and inversely with the span. The deflection caused the 
sliding bow varies approximately the span and the pressure 
the bow. Short spans between the suspenders the contact 
conductor and especially high train speeds are very unfavorable. 
Any favorable inference drawn from the experience trolley lines, 
therefore, not well founded, since the conditions are demonstrably 
vastly different. Rope suspension responsible for increase 
the variation tension the contact wire due changes tem- 
perature. This variation the most important cause trouble. 
The high voltage used demands absolute safety; the safety secured 
ordinary trolley line, therefore, inadequate and should 
improved. 


The result this investigation may summed follows: 

contact rod suspended from one rope hung 300-ft. 
spans, suspenders ft. apart, sags only in. the 
center each 12-ft. span. The current collector, moving with 
speed miles hour, will oscillate and down about 
in. while passing under 12-ft. span. This oscillation pro- 
duces with oscillating weight lb. variation contact 
pressure which the rod amply able resist. The sus- 
penders are never compression, and the contact rod need not 
supported springs; simple hinged connection answers every 
purpose; and thin tension rod with eyes, even wire, may 
used for suspender. The current collector may heavy, strong 
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and durable roller such has been shown satisfactory 
past experience. 

contact wire suspendeded from ropes with 300-ft. spans re- 
quires two ropes inclined planes prevent excessive lateral mo- 
tion caused the wind. The suspenders must stiff triangular 
frames, The contact wire must connected the suspenders 
springs arranged that they will always operate properly. The 
wire must under tension enable resist the pressure 
the sliding bow. This tension will vary greatly with changes 
temperature. The variation the temperature wire exposed 
the sun and carrying variable and considerable current is, 
the Northern United States, 140° fahr., more. not possible 
adjust the wire that will satisfactory both extremes 
temperature. will either stretch and occasionally break 
the lowest temperature slack summer that the collector 
will jump and cause sparking and excessive strains. the springs 
which are necessary the suspenders not operate properly, 
intended, the oscillating motion the collector will 
jerky and will cause alternately excessive and defective contact 
pressure, endangering the wire and causing sparking. The break- 
ing the wire may accompanied the rise the sliding bow 
above it, and the destruction number suspenders, causing the 
fall the wire and possibly fatal disaster. The currrent collector 
cannot substantial roller; must elastic sliding bow, 
reduce the oscillating weight the smallest possible amount. 
will difficult design tolerably satisfactory sliding bow, and 
will cause best large cost maintenance. The only advant- 
age the wire its larger conductivity for alternating currents 
and the consequent saving the cost feeders. short, con- 
tact wire and its accessories make complicated, short-lived, and un- 
safe structure, expensive maintain, while contact rod simple, 
safe and durable. 

The writer has applied for patent the contact rod shown. 
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DISCUSSION. 


difficult discuss this paper fully would like. will 
not take the mechanical theory construction, ably worked 
out, because, whole, the paper plea for the electric operation 
trunk-line railway specific method, the score econ- 
omy, and based upon the assumption that the various claims 
made during the past six years for single-phase operation have 
been justified accomplished results, which, the present, 
not fact. 

The arguments advanced seem somewhat vitiated 
number statements concerning both direct-current and single- 
phase operation which will not bear critical analysis. The speaker, 
therefore, will make only some random comments. 

First all, quite agrees with Mr. Mayer his general con- 
clusion the necessity higher potentials, but quite 
variance with that conclusion the contention that these can 
effective only through the agency single-phase alternating 
currents. 

Early High-Tension Proposals—In paper the speaker 
before the Kansas City Electric Light Convention, February, 
1890, made the following statement: 

“As regards the potential, other things being satisfactory, what- 
ever pressure demanded the interest economical and effective 
service will used; and means will found, consisting mainly 
construction, which will make its use for the purposes, and, 
intended, safe and proper. have, these matters, face 
the same questions that have the matter steam pressure 
railway speed. accomplish the larger engineering feats neces- 
sary meet the demands economy and commerce, will 
governed more belief our power fully subordinate good 
servant our will than our fears its vagaries when allowed 
become master.” 

the same time, illustrate the possibilities electric railway 
operation, the potential necessary handle the then existing passen- 
ger service the Philadelphia Division the Pennsylvania 
Railroad was determined, the service being rearranged 
permit the dispatch cars every min. The supply was 
direct current from single overhead copper rod, in. diam- 
eter, over each track, with return through the rails. Among the 
solutions, was found that with two stations miles apart only 
about 1800 volts motor potential was required. 

coincidence that now, sixteen years later, the 
proposal use overhead rod should resuscitated, and also 
that the speaker’s early proposal million circular-mil section 
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copper should about the equivalent the capacity the mr. 
special third-rail now use. 

Mr. Mayer’s proposal, however, for sectionalized soft steel 
overhead conductor, in. diameter, and absolutely the worst 
known form for the transmission alternating currents, for 
offers the minimum area for unit cross-section, impedance fully 
nine times the same rod direct current, and 
probably eighty ninety times that copper rod the same 
size direct current. 

Since the Kansas Convention, the speaker has often advocated 
the necessity higher potentials, and glad say that, not only 
alternating-current work, but direct-current application, his 
early prophesies, repeated year ago with expression readi- 
ness undertake the responsibility direct-current installation 
1500 volts, even third-rail, have, virtue the develop- 
ments recent months, now been brought within the reach 
practical accomplishment. This, under ordinary trunk-line condi- 
tions, would mean increase fully five times the distance 
between sub-stations common with 600 volts, and often even the 
possibility their entire elimination. 

Working difficulties would disappear were 
happy age wireless power transmission. deal, how- 
ever, not with dreams, but practical realities, and among these 
the physical means getting electric energy from central station 
the moving trains. The choice limited broadly two general 
methods, the overhead system some form, available for both alter- 
nating and direct currents, and the third rail, available ordinarily 
only for direct currents. 

Mr. Mayer, after pointing out the shortcomings present forms 
trolley construction, used for high-speed trunk-line operation, 
somewhat naively remarks that: 

“As very high and dangerous voltage must used the sus- 
pended conductor, essential suspend such manner 
that will never come down.” 

The speaker fears that have not arrived that millennium 
railway operation, when collisions, with rearing equipment, and 
derailments, with consequent destruction upright structures, are 
longer among the possibilities; nor are beyond the reach 
sleet formation, especially rigid structures, the ravages 
storms various kinds. 

course, quite aside from the matter expense, all conductors 
necessary for bringing current train are objectionable many 
particulars, and the points with regard each were recently well 
New York Railroad Club, about follows: 


q 


| 
q 
{ 
| 
| f 
| 
} 


498 DISCUSSION: STEAM VS. ELECTRIC RAILWAY 


The third-rail offers certain hindrance the ordinary mainte- 
nance track, but overhead construction inelastic, and the laying 
additional tracks, changes grade and alignment require 
radical and expensive alterations permanent overhead structures. 

Derailments will crush one form conductor the ground, but 
may equally well knock down the supporting structures the other 
and put all tracks out service. 

wrecking, the third-rail offers some obstruction the throw- 
ing the equipment one side, but overhead may 
interfere with the operation crane booms. 

With two more tracks, snow cannot well piled between 
them when the space occupied third-rails, but, the other 
hand, overhead conductors are source danger trainmen, and 
are subject the troubles sleet formation. 

There has been much loose talk about third-rail troubles with 
snow and sleet, complications frogs and switches, difficulties 
collection, and the danger employees 
Extended operation has proven that many these objections are 
largely overcome protected third-rail, properly designed with 
due regard clearance lines equipment. the other hand, 
with overhead, 11000-volt trolley, there certainly danger 
the overhead street and highway bridges, tunnels and 
low bridges because the possibility rearing equipment 
case derailment collision, and because the frequent physical 
necessity the trolley being brought within short distance 
the cars. 

There is, also, corrosion due locomotive gases when steam 
and electric operation are maintained over the same tracks, and 
increased danger men engaged cleaning, painting, repairing 
overhead structures close proximity high-potential lines. 

Again, and this seems important high-speed service, 
there the possible interception the train operator’s view the 
signals, because dips the railroad grade may bring overhead 
bridges front the semaphores, which likewise may made less 
distinctive when having truss members for background. Nor 
can ignore increased element danger the men who have 
maintain signal structures, and then there are the objections 
exposed high-tension conductors certain raised city 
authorities. 

References contracts where single- 
phase operation has been adopted are not always conclusive, and the 
inferences drawn may misleading unless the circumstances are 
fully known. Some those mentioned this paper come this 


The Sarnia Tunnel offered opportunity for manufac- 


company make demonstration the possibilities oper- 
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ation single-phase locomotives. The speaker quite sure will mr. sprague. 
not claimed, engineer manufacturer, that this equipment 

was not well within the possibilities direct-current application, 

and certainly quite conceivable that the opportunity for first 
demonstration considerable scale had financial value 

ciently tempting the railroad company. offset this, 

can stated that, similar problem, one set absolutely com- 

parative bids had demonstrated, for this particular class work, 

marked disadvantage for the single-phase equipment, both first 

cost and cost operation. 

the London, Brighton and South Coast Railway true 
that short section equipped with quite another type 
single-phase motor, but the reasons which have been publicly 
advanced, far they are based motor performance, are 
debatable, and the speaker’s information reliable, the cost 
installation will sorry criterion. 

The New York, New Haven and Hartford Railroad project 
represents different class installation: the replacing steam 
passenger locomotives single-phase alternating-current locomo- 
tives supplied from trolley line. The adoption this 
equipment, under the particular conditions which exist, especially 
the use common terminal with the New York Central Railroad, 
which use another type equipment, has been the subject 
good deal discussion and some acrimonious comments, many 
which have had nothing with the system per se. 

The locomotives both these roads are the gearless type, and 
within few months there will opportunity for making compari- 
sons their performance—the New Haven representing the very 
latest single-phase developments, and the Central the embodiment 
direct-current plans formulated nearly three years ago, and 
under the then existing limitations 600-volt operation instead 
the much higher potential now practicable. 

Among other comparisons will that the physical construc- 
tion and cost the working conductors, the former using pro- 
tected under-contact third-rail, and the latter overhead double- 
catenary trolley carried steel bridges spanning the tracks. Each 
interesting that each represents construction that type 
which must adopted come within the classification perma- 
nent, that is, character equal other parts the road. 
comparison order, because the construction proposed Mr. 
Mayer will least costly that adopted the New Haven 
road. important fact that the unit cost per mile track 
for the overhead construction fully equal to, does not exceed, 
that for the third-rail, despite the very high potential and the small 
size the working conductor. proper add that, matter 
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Mr. Sprague. how high this potential, the unit cost the conductor system alone, 
per mile track, for this class construction will probably not 
reduced. 

Another feature the New York Central equipment cannot 
compared like equipment the New Haven road, because 
does not exist the latter, and that the motor-car service, consid- 
ered many railway engineers and transportation officials, and 
applauded Mr. Mayer, one the indisputably good reasons 
for adopting electricity for suburban service. 

The former road also equipped with batteries, largely because 
insurance, and not actual necessity operation. These 
could not applied single-phase equipment without the intro- 
duction motor-generator sets the full capacity the battery 
discharge, essential supply from the battery the line, 
which, case breakdown, would eliminate the battery from 
use; whereas, the direct-current system, the intermediate ma- 
chinery—that is, the booster—is simply for regulation, and 
only differential capacity, hence fraction the size the others, 
and not essential the supply the current the line case 
emergency. 

However, these two great systems will, course, tell their own 
story, and after reasonable length service influential 
moulding decisions the future; but safe that, 
however ardently the most enthusiastic engineer may preach the 
beauties economy, great trunk systems, except for special 
reasons, for example the urgent necessity increasing capacity, 
will adopt electricity save money until after the tangible results 
have been measured these two roads. fact, the probabilities 
are that, any case, will, quote official English road, 
case spending money, not save because economy 
power, but make it. 

Reasons for Adopting are but two broad 
grounds which the adoption electricity for trunk-line operation 
can justified: First, because such demonstrated economy, due 
the generation power large stations and reduction the 
cost locomotive upkeep, will more than offset the interest and 
depreciation that which essential electric operation; and, 
second, the possibility increased service character which 
cannot gotten steam operation—such, for example, the 
handling trains increased speeds, moving heavier trains 
satisfactory speeds because greater concentration power, 
the operation frequent motor-car trains high schedules 
suburban districts and between important terminals. 

Trunk-line service, however, presents peculiarities its own, 
and its demands are responsible for great awakening the 
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matter higher potentials, which has led many over-enthusiastic Mr. Sprague. 
statements, and much discussion the merits single-phase, 
polyphase, and direct-current equipments. 

One thing certain: higher potentials are and pos- 
sible. Another that both motor-car combinations and locomotive- 
drawn trains must used, the former necessarily, and the latter 
preferably under “multiple-unit” control. 

Capacity equipment essential, and that more than econ- 
omy. How gotten? Naturally, first increase indi- 
vidual equipment, and then, when this increase has reached its limit, 
combining equipments; therefore the question capacity will 
briefly discussed. 

Limitations Design.—Neglecting for the moment the motor 
consider the simplest form ordinary train operation: What 
motor supplied local boiler, furnace and coal bin, another 
motor supplied through wire bigger boiler, bigger furnace 
and bigger coal bin. not sufficient simply that these latter 
can made any desired size; any case, they are intended 
supply number motors. That which essential, and the 
last analysis that the new motor shall not only have certain 
mechanical advantages, the extent eliminating the evils 
reciprocating parts, but must, above all, have capacity, measured 
not alone torque speed, but both, and must sus- 
tained character. Everything else tributary character. 

The designer railway apparatus, whether for motor cars 
locomotives, handicapped certain physical limitations which 
not within his power change. These are determined the 
gauge the track, the size and number drivers, the clearance 
under the motors, the length rigid wheel base, the dead weight 
per wheel and the total weight per axle, say nothing such 
trifling question cost construction; and his problem 
provide within those limitations all the capacity possible. 

just this particular that the single-phase motor, despite 
amount experimental work, study and effort the most per- 
sistent and able character, sadly defective; and, far any 
present knowledge goes, its defects, while not prohibitive the ex- 
tent making unworkable machine, are inherent 
make practically certain that, when compared with other kinds 
electric motors, placed, individually, very serious disad- 
vantage. 

Comparison the three types motors use 
to-day railway work, two—the direct-current and the three-phase 
motors—have continuous rate energy input, while the single- 
phase has intermittent and variable rate. the latter the 
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attempt has been made attain the results achieved the variable- 
speed direct-current series commutator motor, despite the fact that 
there combined single machine motor and transformer. 
Now, whatever the hopes the engineering and railway world, 
necessary deal with sundry tangible facts. 

The first these facts is, that the single-phase motor, when put 
serious duty, and measured identically the same rating and 
under like physical conditions, only about half good the 
direct-current motor. Or, other words, the weight the com- 
plete electrical equipment, including motors, regulators and car- 
transforming apparatus, and with like physical limitations, fully 
twice that required for direct-current—with, course, material 
increase the mechanical equipment. follows that the total 
weight single-phase alternating-current locomotive, the 
same service direct-current locomotive, will easily run from 
tons more. The reason simple; because the heat 
generated account lower electrical efficiency, and the impossi- 
bility working the fields the motors more than about one- 
half the magnetic flux. 

Polyphase motors have the same advantage direct-current 
series motors, the matter weight capacity, but are normally 
constant-speed motors, although possible arrange for half 
and full speed, each which is, however, constant speed. 

The speaker has made, and have others, many independent 
investigations this subject, and the present state the art 
the facts stated cannot gainsaid. Therefore, somewhat 
astonishing find Mr. Mayer, referring certain machines, say- 
ing: 

“These locomotives use high-voltage alternating currents, and 
have excellent speed regulation, giving practically uniform efficiency 
any considerable speed, two advantages which far outbalance, 
especially for trunk-line traffic, their inferiority other respects.” 


This latter admitted as: 


“Great weight per unit power, limited capacity, high cost, 
and only moderate efficiency any speed.” 


This description inferiority unexpected indictment 
the single-phase motor, and, considering locomotive simply 
machine, adds this indictment his criticism the motor- 
generator type locomotive, where single-phase motor receiving 
current from the trolley line drives generator which turn sup- 
plies motors, concerning which says: “Its com- 
plications, moderate economy, inevitably high cost, and great weight, 
are its serious drawbacks,” spite its “excellent and economical 
speed regulation.” matter fact, the motor such combi- 
nation can directly supplied from high-tension line, and the 
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weight this type equipment almost identical with that mr. 


single-phase equipment, while has some possibilities which the 
latter has not. 

practical illustration the bearing this difference 
capacity the fact that although the essential weight the 
drivers the New York Central machines about tons, instead 
85, the New Haven, the individual capacity the former 
much greater that, with equal ventilation, fifteen them 
will probably the work twenty-five the latter. 

Lack capacity, however, not the only feature wherein the 
single-phase motor fails comparison with the direct-current 
machine. large sizes, instead two four poles has ten 
twelve, and the series winding the armature with two paths 
replaced one with many paths there are poles. The arma- 
ture, machines similar capacity, has larger diameter, and 
runs higher speed; and, instead two fixed sets brushes, 
there are many movable sets there are poles, supply current 
commutator larger size. The clearance between field and 
armature about one-quarter that the direct-current machine, 
and the allowable bearing wear, therefore, much less. Finally, 
the New York Central type machine, with its remarkable me- 
chanical well electrical advantages, impossible direct 
alternating-current construction and 

curious note with what persistency certain well-sounding 
statements reappear, spite frequent disproof. Among these 
may mentioned that referring possible economic variations 
speed. With proper control, the ordinary four-motor locomotive 
operated direct current has three impressed electromotive forces, 
for each which has wide range torque and speed 
far beyond the limits, the sustained torque increases, the 
single-phase motor; and for each these established conditions 
there very considerable range speed with the same torque, 
provided the motors are properly constructed and controlled. The 
result that, every one these speeds economic one, all 
variation essential for practical railroad operation provided. 

Direct-Current Motor the condition 
the art with that about two years ago, will 
seen that three important and radical developments have taken place 
direct-current motor construction. The first the use the 
commutating pole, which, large measure, and certainly for any 
ordinary pressures, has eliminated the much abused bugbear the 
commutator such extent that, when properly constructed, 
impossible tell ordinary inspection whether machine 
running high low potential, with large small current, 
absolutely free from sparking. 
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This has led additional facilities control, and the con- 
struction motors for operation from 1200 1500 volts, with 
the further possibility operating two series double potential. 

third development that illustrated the New York Central 
gearless locomotives, which the hitherto invariable practice 
maintaining fixity relation between the armature, rotating 
part, and the field magnet, fixed part, has been abandoned, the 
armature being mounted directly the axle, and the field magnets 
forming part the locomotive frame, supported its springs 
and hence movable with regard the armature. this construc- 
tion, therefore, there are armature axle bearings. This 
machine one the most remarkable and satisfactory outcomes 
recent work, and, considering actual necessary electric additions 
the mechanical equipment, has, when designed for the condi- 
tions under which should operate, probably the highest weight 
efficiency any direct-current locomotive. Being bi-polar con- 
struction, with wide range neutral brush contact, runs prac- 
tically sparklessly all loads, natural 1200-volt machine 
without commutating poles, and can easily wound for higher 
potential using such poles. 

general, considering briefly the first cost installation, has 
been shown that the weight and cost motor equipment are much 
higher for the single-phase alternating-current than for the direct- 
current system, and that the cost permanent working conductors 
per mile track fully high. The cost the central station will 
somewhat greater because the reduced capacity per weight 
material single-phase generating apparatus. There remains the 
intermediary apparatus, when extended systems are considered, 
namely, static transformers and rotaries for the direct-current sys- 
tem, and sub-station and car transformers for the alternating- 
current system. 

Unless there material increase efficiency and capacity 
single-phase motor equipments, quite likely that the interest 
the increased cost sub-stations one kind over that the 
other, and the losses the rotaries will least equalled, not 
more than offset the interest the increased first cost and the 
cost operation the motor equipments the alternating-current 
system, when each installed with equal regard permanency. 

Every engineer, course, hopes for, and will welcome actual 
advances this art, whatever system—everything, fact, which 
makes for increased economy, added reliability and reduced cost 
operation—to the end that there may greater extension 
electric operation; but absolutely essential compare results 
accomplished, not merely promises performance. 

Such are some the general facts which must confronted 
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dealing with the question electric operation trunk Mr. Sprague. 
conclusion, the speaker will quote remark Chief Engineer 

Kando, the Ganz Company, Europe, the advocates poly- 

phase motor operation, report recently made his company 

after trip the United States. Referring the question 
equipment, said: 

“That system will prove victorious which can present the 
most powerful locomotive, and the locomotive which will possess the 
greatest capacity for given weight.” 

The speaker might add this, and say that would seem that 
that type locomotive must ultimately survive which has not only 
the greatest weight capacity, but also automatic response torque 
and speed the varying demands grade and curvature. 

Mayer, Am. Soo. (by main sub- mr. Mayer. 
ject this paper comparison steam-locomotive and electric 
operation cheap water-power. the different 
methods electric operation are briefly mentioned therein order 
justify the choice particular method for the comparison. The 
paper also discusses detail the contact conductor required. 

The writer has endeavored show that copper wire, under 
tension and suspended stiff frames ft. apart, from two ropes 
inclined planes, mechanically unfit resist with adequate 
safety the incident forces due changes temperature and the 
variable pressure sliding bow roller moving speed 
miles per hour. The main difficulty arises from the variation 


the tension the wire caused changes temperature. The 
minimum tension required summer, together with its increase 


{ 


the fall temperature, about equal the elastic limit 
large copper wire; this leaves margin for the forces due the 
rapidly moving sliding bow, and must result either the stretching 
and occasional fracture the wire winter inadequate ten- 
sion summer. The writer endeavored remove the variation 
the tension the contact wire arising from changes tempera- 
ture economical automatic expansion joint. efforts 
this direction led him the conclusion that such expansion 
joint not practicable. 

One method avoiding this difficulty use contact con- 
ductor able resist the incident mechanical forces, without being 
under tension. this case, the expansion joint becomes simple 
problem. 1-in. copper rod, suggested Mr. Sprague, would cost 
place least per mile track. smaller rod would 
mechanically inadequate. soft-steel rod poor conductor, for 
alternating currents, and would have reinforced feeder 
frequently cross-connected the rod. With alternating-current 
operation volts, the currents are small and the combina- 
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tion proposed the writer gives moderate drop voltage with 
loss only the energy transmitted. The drop voltage and 
the amount self-induction can further desir- 
able, introducing, small cost, one additional cross-wire per 
mile track from the feeder the contact rod series with 
closely adjusted fuse. 

feeder must used with any kind conductor, high 
degree reliability desired. Where the steel rod parallel 
with the feeder, carries but very small current; where 
series with the feeder, carries, worst, one-half the current for 
one train for one-half the distance the cross-connections the 
feeders. The rod must round receive the minimum wind 
pressure, and permit the use, without excessive lateral deflection, 
single carrying rope long span for its support. Mr. Sprague 
considers mainly the electric features the contact conductor, 
but the problem believed mainly mechanical one. The 
writer’s contact conductor with the feeder costs less than one-third 
much the rod proposed Mr. Sprague. only fair 
state that his remarks were written within day, and are probably 
based calculations made some years ago when prices and rail- 
road equipments were different. His assertions, the writer has 
doubt, are true for the assumptions which made then, but they 
are expressed more general terms than the facts justify, and the 
qualifying assumptions are not explicitly stated, but may guessed 
the judicious reader. Mr. Sprague’s eminent qualifications, 
however, will lead many readers not familiar with the subject 
the opinion that the writer has made serious error selecting 
for comparison the alternating-current operation, and that his views 
the relative merits the two kinds operation are unduly 
favorable the one selected. 

Different kinds operation are different methods producing 
the energy developed the rim the drivers. This used 
haul the cars and the motive power equipment. The former the 
useful net energy. The locomotives and motor car equipments 
are rated according their total output energy per second 
the rim the drivers. 

comparing different kinds equipment, their difference 
weight per unit power (or energy output per second) must 
considered, and the power needed haul this difference must 
charged the heavier equipment. For comparative purposes, 
convenient unit energy the horse-power-year, which is: 

The writer has shown* from the official reports various rail- 
roads, and from the most recent tests train resistance, that the 
cost producing with steam locomotives one horse-power-year 


* Railroad Gazette, November 16th and 23d, 1906. 
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the rim the drivers approximately $225, excluding interest mr. Mayer. 


charges. 

the following the writer will show the cost direct-current 
and alternating-current electric operation per mile line and per 
horse-power-year the rim the drivers for different amounts 
and kinds traffic single-, double-, and four-track roads. This 
the only way answer Mr. Sprague, and judge the merits 
different methods and the claims their advocates. 

The cases considered are: 

and and alternating-current operation for 
single-track road with average trains per day, the largest 
power consumption for one train being: full speed, 750; and 
starting, 1000 kw. direct-current. Alternating-current equipments 
are heavier, and the power consumption per train the rim the 
drivers taken with them larger. assumed that one- 
quarter the trains will use each the maximum amount power; 
one-half them each two-thirds, and one-quarter them each 
one-third much power. These assumptions give plant suitable 
for average single-track steam-railroad 

and and alternating-current operation 
double-track road with trains per day, the power con- 
sumption per train being the same under 

and double-track road with trains 
per day, the largest power consumption per train being 1500 and 
2000 kw. direct-current full speed and starting, and more 
the rim the drivers with alternating current. One-quarter the 
trains using each the maximum amount power, one-half the 
trains each one-half, and one-quarter each one-quarter much 
power. gives the costs for direct-current operation with 
volts the contact conductor. 

and a.—Direct-current and alternating-current opera- 
tion four-track road with 240 trains per day the sizes given 
under 

The estimates are based the use steam-turbine power-sta- 
tions the most economical distance. The voltages for direct- 
current and alternating-current operation are 700 and 000. 

The final results the calculation will given first, and, after- 
ward, their details. 

The cost the installation per horse-power-year developed 
the rim the drivers direct-current equipments, and per 1.07 
h-p-year, with alternating-current equipments shown Table 

The cost operation per horse-power-year developed the rim 
the drivers with direct-current operation, and per 1.07 h-p-year 
with alternating-current operation, together with the cost 
the plant, for interest and taxes, shown Table 
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Mr. Mayer. TABLE 
TABLE 
170 
106 103 


Steam locomotives with their tenders, especially for passenger 
trains, are much heavier than electric locomotives and motor-car 
equipments; therefore, for given amount traffic, they must 
develop more power than the latter; allowing for this advantage 
and for the interest saved the proceeds from their sale, the 
writer believes that $225 very low estimate for the cost the 
steam-locomotive power required for the traffic moved one horse- 
power-year the rim the drivers direct-current equipments. 
Assuming the same number, size and speed trains for steam- 
locomotive and electric operation, then, the foregoing tables, the 
net return the investment required for the change the motive 
power may calculated. here assumed that the amount 
traffic and the receipts from remain the same. The percentages 


net return for the different types electric operation are shown 
Table 


TABLE 


Table shows that the cost installation all cases largest 
for direct-current operation 700 volts. The difference very 
large for single-track and small traffic; much less, but still 
considerable, for double-track and large traffic, and small for 
four tracks with the very large traffic assumed. 
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inspection Tables and shows the superiority alter- mr. Mayer. 
nating-current over 700-volt direct-current operation for single- and 
double- track. For four tracks, the two kinds operation are 
nearly equally economical with the traffic assumed. 

High-voltage direct-current operation promises the most 
economical method with two more tracks and large traffic. 
these estimates are approximately correct, the writer was fully 
justified choosing, for double-track, single-phase alternating-cur- 
rent preference direct-current operation 700 volts. High 
voltage direct-current operation was not considered, because 
not present available. 

The foregoing estimates will not accepted without knowledge 
the methods which they were obtained. necessary, there- 
fore, give the details least part the estimates which 
the results are shown Tables and These will explain the 
reasons for the large differences the cost power production per 
horse-power-year the rim the drivers with alternating-current 
and direct-current operation the different amounts and kinds 
traffic single-, double-, and four-track lines. 

Direct-Current Operation Double-Track Trunk Line (III 
Tables and amount power used the largest 
and fastest trains determines the capacity and cost the trans- 
mission plant required; therefore, the utmost importance. 
This question has undoubtedly been investigated carefully the 
electrical commission appointed study the New York Central 
electrification New York. Their conclusions are embodied 
thirty large locomotives, with Sprague multiple-unit control, 
sustained and 3000 hourly capacity. These locomo- 
tives, with 90% efficiency, require current 1827 2487 kw. 
Provision made for operating two these one train. This 
would require twice much current. many trunk lines there 
oceasion for such large amount power for one train. 
current 1500 kw. for train full speed and one 2000 kw. 
starting will here assumed the maximum. This will take 
heavy, though evidently not the heaviest, future trunk- 
line traffic. Taking the Baldwin Locomotive Works formula, 


for the train resistance per ton heavy passenger 


trains, and allowing kw. for lighting the train, obtain, with 
90% efficiency the direct-current locomotive, full speed, for 
maximum speed miles per hour, level tangent, per- 
missible train weight 650 tons including the locomotive. Under 
favorable conditions much heavier trains can hauled this 
maximum speed. Schedule speeds miles per hour for express 
trains the above weight become thereby practicable. Under un- 
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favorable conditions, causing train resistance per ton, 
miles per hour, level tangent. 

The number and size trains given Tables and under 
III will assumed. The average power consumption each train 
will assumed equal full-speed power, the excess 
starting being balanced the deficit during stops. The maximum 
grade assumed less. The direct-current operation 
requires low-tension circuit consisting two third-rails, four 
bonded track rails, and feeders; rotary converter sub-stations, high- 
tension lines, and power-stations. 

The Low-Tension Circuit for the Direct-Current Operation 
Double-Track train moves from the sub-station 
the center section, the voltage received the motors drops 
from the sub-station voltage 700 much smaller amount. This 
drop largest when two trains using the maximum amount 
power pass each other the center section, one them 
full speed, the other under acceleration. The case two maximum 
trains such position starting the same time too rare and 
unnecessary occurrence require consideration. 

drop 175 volts the low-tension circuit under the above 
exceptional circumstances permissible. variation voltage 
between 700 and 525, however, large that- the assumption 
constant voltage the motors would lead very erroneous results 
tances from the sub-stations. 

Allowing for the variations the current due differences 
the voltage the train, calculation shows that the average drop 
when one maximum train passes alone over section between two 
succeeding sub-stations volts. This drop increased 
average volts the trains the other track. This gives 
630 volts the average pressure the current supply maxi- 
mum train. The average current supplied such train, there- 

500 


fore, 0.630 2381 amperes. This train will receive, average 
«De 


speed and 700 volts, that is, near sub-station, 2381 


amperes. will receive, average speed near the center 


ve 
section, 525 volts, 630 1984 amperes. trains, 


one starting, will require 1984 4629 amperes. The low- 

tension conductors consist two bonded tracks cross-connected 

frequent intervals and two third-rails also cross-connected. One- 

half the current comes from each direction. The current one 
629 

third-rail and one track, therefore, 1157 amperes. 
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This current must sent through miles third-rail and miles Mr. Mayer. 


track. The proper combined resistance the forward and re- 


turn circuit, therefore, 0.1513 ohms. Economy re- 


quires equal resistance for the forward and return conductors, 

0.0756 ohms for each. With two track rails, the area the 

return conductor 17.64 sq. in., equal 17.64 1273000 

460 000 

cir. mils. The resistance miles this conductor 


0.1009 omhs. The conductivity 0.1009 


460000 cir. mils. The equivalent copper area 


mhos. The conductivity the feeder, therefore, must 13.228 
9.911 mhos. The circular mils the return feeder must 

The conductivity 90-lb. per yard bonded third-rail miles 
long 7.16 mhos. The conductivity its feeder must 13.228 
7.16 6.068 mhos. The area the feeder 6.068 
1057200 cir. mils. The total copper area for the feeders for 
double track (577100 1057 200) 268 600 cir. mils. The 
weight per mile 268.6 5.28 3.02 52120 Allowing for 
cross-connections, say 53000 these cost, cents per 
place, $11 660 per mile line. 

remains determine the efficiency the low-tension circuit. 
The average drop was found volts when one maximum 
train passesoverasection. The average power consumption per train 
only nine-sixteenths that maximum train. The average 
drop, when average train goes alone over section, therefore, 


9.911 mhos. The conductivity required 


time the other track. When there average train pass- 
ing the opposite direction the second track, while average 
train passes over section. The average power consumption per train 
volts. When there one and one-fourth times the average 
traffic, there train section one track during 
train the first track and none the second track during 


the time. There train the second track and 


none the first track during the time. With one and one- 
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fourth times the average traffic, there is, therefore, train only 
one track section during 144 the time. 


When there are trains the two tracks section, the aver- 
age drop volts. When there train one track, the aver- 
age drop 34.3 volts. trains take about twice the current 
one train, the amounts power which the two drops apply, there- 

fore, are, 70, and the average drop 
volts. This gives loss 5.7% the low-tension conductors 
when the one and one-fourth times the average amount. 
This also approximately the average loss power these con- 
ductors. The loss power conductor increases the square 
the the average loss power with variable current, 
therefore, does not with the average, but with larger 
rent. This average loss can only accurately the 
current known function the time. The here 
given only approximate. given detail because forms 
the basis the whole estimate the cost direct-current oper- 
ation. 

For the the capacity the power-station, one and 
times the average amount traffic would have taken. 
This traffic, however, will distributed unequally over the dif- 
ferent sections. The average loss the low-tension conductors 
found taking about one and three-fourths times the average 


culation the feeders for the low-tension circuit, the assumption 
was made that the train speed average when two maximum 
trains meet the center section. reality, the train speed, 
this case, less than average, since the presence another 
maximum train the same section reduces the applied voltage 
and the current supplied the motors. The result this as- 
sumption, therefore, that, account the smaller train speed 
than was assumed the the current, when two maxi- 
mum trains meet the center section, larger than calcu- 
lated, and the drop more than 175 volts. The amount feeder 
copper would have somewhat larger keep the maximum 
drop below this limit. The maximum 175 and the average 
volts are smaller than the most economical drop the low- 
tension conductors. Larger drops would mean larger sub-stations 
and greater speed variations the fast trains. For these reasons, 
they are not considered desirable, though they would reduce slightly 
the combined cost operation and interest charges. 

The Rotary Converter Sub-Stations for Double-Track 
was found that the current used one maximum train full 
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speed, when passing sub-station, approximately amperes. Mr. Mayer. 


Two maximum trains, one starting, require 2646 6174 
amperes 700 volts, 4322 kw. This approximately the maxi- 
mum load sub-station. Several modifying causes were neg- 
lected this First, the drop voltage the trans- 
formers and the rotary converters the sub-station much in- 
creased the maximum load, and the voltage supplied this 
time less than 700; this causes smaller current consumption 
the locomotives, and flow current from the two neighboring 
stations. There may other trains one both the adjoin- 
ing sections, however; this case the sub-station here considered 
may have supply part their current. Considering all the 
factors, the maximum sub-station load may reasonably esti- 
mated 4400 kw. allowance 100% made for overload 
for few minutes, rated capacity kw. needed, and 
25% reserve provided kw. will required. The cost 
sub-station this size about $34 per kw., $93500. This 
amounts $15583 per mile line. Storage batteries, used, 
would decrease greatly the required capacity the transformers 
and rotary converters, and would improve their average efficiency, 
but the efficiency the batteries only about 75%; the number 
kilowatt-hours consumed, therefore, would and the 
load factor and the reliability the service would improved. 
The total costs, with steam power, would decreased but little 
any. 

The average load sub-station the power required two- 
thirds average train increased the average loss the low- 
tension 


— = 597 kw. 


The load factor, therefore, 0.1357. The rated capacity 
the station 2750 kw. The average load, therefore, 
0.217 the rated capacity. The changes the load are 
rapid that impossible change the number units 


with the amount load. The transformers and the rotary 


converters carry inevitably, unless storage batteries are used, most 
the time only small fraction their rated full load. The 
average efficiency the station, therefore, will much less than 
that sub-station for elevated road street-car system, 
where the load factor often four times large. The writer 
estimates the average efficiency the converters, under these un- 
favorable conditions, 87%, and that the transformers 95%; 
the station efficiency then 0.87 0.95 82.6 per cent. 


: 
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Cost the Protected the cost the 
special third-rails cents per lb. delivered, the cost 
rail for one mile becomes $3168. Estimating the cost placing, 
welding, and the bonds, the insulators and the wooden protection 
$1932 per mile, gives the cost per mile protected 
third-rail. 

The Towers and the Copper for the High-Tension Line.—The 
cost line steel towers and insulators for carrying the high- 
tension line and the feeders 600. 

With the power-stations miles apart, with three-phase trans- 
mission 15000 volts, without step-up transformers, with 
average power factor 95%, the copper required for average 
loss the transmission costs place, cents per lb., 400 
per mile line. 

Total Cost and Efficiency Plant.—The cost per mile the 
plant for the direct-current operation double-track line, there- 
fore, follows: 

breakers, fuses, switches, and their hous- 


One row steel towers for high-tension line 

Copper for high-tension lines. 400 


This does not include the power-stations and the electric loco- 
motives and motor-car equipments. Taking the average efficiency 
the locomotives and motor-cars 80%, the total average 
ciency from the driving wheels the power-station becomes: 

The Alternating-Current Operation Double-Track Line 
Tables and 4).—With the alternating-current opera- 
tion, rheostats are required. much more efficient start 
thereby secured. This increases the average efficiency, especially 
with frequent stops. For trunk-line traffic, this average efficiency 
the gearless locomotives, and the motor-cars, the combined 
efficiency the motors and transformers, here estimated 
per cent. Alternating-current equipments for given weights and 
speeds trains, therefore, require more power than those for direct- 
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The alternating-current locomotives and motor-car equipments Mr. Mayer. 
are much heavier than those for direct currents. The resulting in- 
crease the train weights estimated amount average 
per cent. The power needed thereby increased the 
same ratio. Both these causes combined increase the power 
supplied the trains the ratio 1.067 1.07 1.142. The 
trains maximum power consumption, therefore, require 
1.142 1713 kw. for full speed, and arger amount during accel- 
eration. The increase current during acceleration here esti- 
mated per cent. This makes the maximum power, level, 
1.142 1713 kw. for full speed, and larger amount during accel- 
much power. With one and one-fourth times the average amount 
the trains are average 7.2 miles apart. The average 

1713 
amount power used per mile line then 133.9 


kw. When the power supplied average voltage 
with average power factor 85%, the current required per mile 


133.9 


miles apart, 10.5 315 amperes must sent out from the 
power-station each direction. The power delivered 
miles line 133.9 4017 kw. distribute this power 
uniformly over distance miles with conductors uniform 
section throughout their length requires much copper 
transmit the whole amount distance miles with the 
same percentage loss. 

two 0000 feeders are used, with frequent cross-connection 
the contact rods, the latter carry over most their length but little 
The efficiency the contact line approximately the 
same when the two 0000 wires contact conductors 
without other feeders. 97% with one and one-fourth times the 
average load. The cost the power-transmission circuit, inclusive 
the towers, contact rods, wire ropes, steel bridges, insulators, 
feeders and track bonds, per mile double track. This 
includes liberal allowance for the tower foundations, which vary 
considerably with the nature the line. 

The total consists the following items per mile line: 

Supporting steel structure, circuit 

rods and with expansion 
joints and bonds 

Ropes cables 

0000 feeders 

Track bonds 
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Steel estimated cents, ropes cents, and copper 
cents per lb. erected. Concrete estimated per yd. 
place. 

The efficiency from the drivers the power-station 
0.97 72.75 per cent. For fair comparison with the direct-cur- 
rent operation, the fact must considered that the loads will 
larger, due the heavier locomotives and motor-car equip- 


ments. This equivalent efficiency 68%, and 


the same loads with direct-current operation. For the latter 
efficiency 60.5% was found, 89% great with alternating 
The power-stations for direct-current operation must fur- 
nish 11% more power than those for alternating-current operation. 
The former, however, contain three-phase, the latter single-phase 
generators. The single-phase generators are more expensive, for 
the same capacity, and less efficient. The difference the cost 
power for the two kinds operation, therefore, small. 

When the power supplied from distant water-power station 
alternating-current operation requires the introduction step- 
down transformers located along the line, and the high-tension 
transmission must single-phase, special step-down trans- 
formers must used for changing the three-phase high-tension 
current into two-phase current lower voltage. The two phases 
can then used alternate sections the line. The transformer 
stations can placed nearer together than the steam-power stations 
previously assumed, and the area the feeders can reduced. 
The contact rods may made short, insulated sections, fed 
their centers, that they carry the current for only short distances. 
The increase self-induction caused their use then reduced 
to.a very small amount. Most the self-induction the trans- 
mission circuit every case due the use the rails for carry- 
ing the whole return current over the whole length the trans- 
mission line. With direct-current operation, the average power 
factor the load the transmission line here estimated 
95%, and may even greater. With alternating-current opera- 
tion, this power factor estimated per cent. This increases 
the amount copper required for the long-distance transmission 
this latter case. With distant water-power the difference the 
cost power the exit from the step-down transformer station 
and the entrance the rotary-converter stations practically 
nothing. 

Therefore, with the direct-current operation, the cost the 
plant per mile line $44 443, and that the alternating-current 
operation $11200. With the former there are sub-stations every 
miles which require continuous attendance. This attendance 
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costs about $4000 per year per station, $667 per year per mile Mr. Mayer. 
line. With alternating-current operation there nothing balance 
this expense. There remains the comparison the moving-power 
equipment,.and the total costs the two kinds operation. 

Comparison the Moving-Power Equipment, and the Total 
Costs the Two Kinds Operation—The average number 
trains per day 80, and per year 365 29200. There are, 
therefore, yearly train-miles per mile line. The average 
power required level for average train full speed 844 
h.p. Where there 0.5% grade the draw-bar pull for freight 
train about two and one-fourth times great level. 
very long grade, this means the use additional locomotive, 
and, with shorter grades, the use more powerful locomotives for 
all trains. The through freight trains going one way are generally 
much heavier than those the opposite direction. The ruling up- 
grades and the weight the trains the same direction, therefore, 
determine the average capacity the freight locomotives required, 
and this much greater than that for average train level. 
The required capacity the passenger locomotives not affected 
much infrequent grades less than 0.5 per cent. The speed 
these trains may reduced one-half series parallel control, or, 
with alternating current, equivalent change the voltage. 
This reduction speed reduces the train resistance nearly much 
the grade increases it. current, therefore, may re- 
main nearly the same level, and increase the capacity 
the motors required. For suburban passenger with fre- 
quent stops and high speeds, where rapid acceleration essential 
for good service, the capacity the motors several times the 
average power consumption. This tends increase the cost the 
moving-power equipment, but the frequent trains with this traffic 
diminish the delays the terminals and increase greatly the mile- 
age run per year; this reduces the cost per mile the motor-power 
equipment. evident that the required capacity and the cost 
the locomotives equipments depend large 
number widely varying factors, all which must considered 
exact estimate. The exact number miles run per year 
the electric locomotives and motor-car equipments must ascer- 
tained from future experience. present, approximate inferences 
from experience with the motor cars interurban electric roads 
are the principal guides forming opinion. The experience 
with street cars, allowing for the difference the average speed, 
and for their smaller delays the terminals, gives also some assist- 
ance forming correct opinion. Approximate estimates can also 
based the experience with steam locomotives, allowing for the 
absence delays due coaling, firing up, and the taking water, 
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and for less frequent and quicker repairs with electric locomotives, 
also for the greater speeds which will adopted with the latter, 
and for the probably much larger number trains. Disregarding 
for the present the switching service, minimum 73000 miles 
per year per electric locomotive motor car, with the number 
daily trains assumed herein, very conservative estimate. This 
mileage per locomotive motor car per year, will appear the 
following, the utmost importance judging the relative costs 
the two kinds operation here compared. will vary with the 
speeds adopted and also with the number daily trains, large 
number trains will reduce the delay the terminals. judicious 
weighing all the known experience would permit even now 
closer estimate the probable mileage with different numbers 
daily trains. cover all the trunk lines this investigation, the 
most convenient course estimate this mileage its minimum 
value under the most favorable trunk-line conditions, and re- 
member that all the comparisons are based this hypothetical 
value. They can modified easily soon the actual mileage 
becomes known from future experience with trunk-line traffic, 
from the more detailed investigation past experience. With the 
above mileage there will needed one train power equipment for 
every miles line. Estimating the average cost such 
power equipment for the direct-current operation, gives 
$10 000 per mile the cost the direct-current locomotives and 
motor-car equipments. The corresponding cost with alternating- 
current operation may present estimated $17 500 per mile 
line. Therefore, the total costs per mile, exclusive the power- 
stations, are, for direct-current operation, $54 443; for alternating- 
current operation, Taking interest, taxes, cost main- 
tenance and depreciation both cases for fixed plant and 
14% for moving machinery, the yearly cost these items 315 
per mile line for direct-current, and 346 for alternating-cur- 
rent operation. the former the yearly cost the sub-station at- 
tendance, amounting $667 per mile must added, 
this cost absent with alternating-current operation. This makes 
the relative saving alternating-current operation 636 per mile 
line per year. this must added the saving about $610 per 
year the cost steam power. The total yearly saving alter- 
nating-current instead direct-current operation .steam power, 
therefore, 246 per mile line. 

The assumptions made this investigation are favorable 
throughout direct-current operation. Trunk-line traffic calls for 
the large trains and high speeds assumed. greater occasional 
trains than assumed these estimates now fre- 
quent occurrence. Special rules would have framed and ob- 
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served prevent direct-current operation, with the capacity Mayer. 
sub-stations here provided, were adopted. With alternating-cur- 
rent operation the kind described, local crowding the trains 
would cause trouble whatever, and much larger and fewer units 
the same total capacity might used, without change the 
plant increase the cost operation. The number trains as- 
sumed cannot increased materially double-track line with 
fast and slow passenger and freight trains. evident that 
large mileage passing and side tracks would required oper- 
ate even the number trains assumed. avoid excessive compli- 
cation, these additional tracks have been omitted from the esti- 
mates. Evidently their consideration would increase the difference 
the yearly cost the items considered. diminution the 
number trains would increase the relative advantage alter- 
nating-current compared with direct-current operation. 
evident, therefore, that with the assumed, and still more with lower, 
voltage, direct-current operation uneconomical for the operation 
the whole traffic double-track trunk lines. 

Direct-Current Operation Four-Track Line Tables 
and 4).—With four tracks, the slow and the fast trains may 
separated, and much larger number trains per track thereby 
becomes practicable. The eight cross-connected track rails form 
return circuit low resistance, and the four cross-connected 
third-rails form low-resistance conductor for the outgoing cur- 
rent. great saving the feeders evident, and the sub-stations 
can placed farther apart. The large number trains increases 
the difference the total cost the direct-current and the alter- 
nating-current locomotives and motor-car equipments. All these 
changes will reduce greatly, not remove entirely, the disadvant- 
ages the direct-current operation. special investigation, there- 
fore, required for deciding which the more economical. 

Assuming 240 trains per day, three times many each kind 
for double track, gives average one train for every miles. 
This train, with direct-current locomotives, requires average 
844 kw. With many trains the dimensions the low-tension 
are governed the economical average loss power 
and not the greatest permissible maximum drop voltage. The 
averege loss power occurs with about one and one-fourth times 
the average number trains. With the sub-stations miles apart, 
and with one 0000 copper feeder for the four third-rails, the aver- 
age loss power the low-tension conductors 3.7 per cent. 

The required capacity the sub-stations, this case, gov- 
erned the condition that their least available capacity should 
not exceeded their average load for several hours 
This condition will fulfilled the average load with 
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one and five-eighths times the average number trains does 
exceed the capacity always available. The average load per sub- 
average train takes from the sub-station 844 kw. 1.048 885 kw. 
The corresponding sub-station load for trains 885 
3595 kw. the station given capacity 4500 kw., there 
25.1% reserve. The sub-station capacity, inclusive the reserve, 
should kept operation whenever available, and disabled ma- 
chines should replaced quickly; this done, overloads will 
extremely rare. The cost these sub-stations about $16 800 
per mile line. The load factor, and therefore the average 
ciency these stations, high. That the rotary converters may 
estimated 92, that the transformers 97; the total effi- 
ciency, therefore, may estimated 89.2. Taking the heat-power 
stations along the line miles apart, and assuming loss 
the high-tension lines, gives, with 15000 volts and 95% power 
factor, 200 the cost the copper per mile line. account 
the three-fold increase the number daily trains, the yearly 
mileage the locomotives and motor cars will much increased 
the shorter delays the terminals. Therefore, may safely 
estimated one-third larger than with daily trains, 333 
instead miles. The cost the moving-power equipment 
$22 500. 

The total cost the plant for the direct-current operation 
average 240 daily trains four tracks, therefore, follows: 


Per mile 
of line. 
Four 90-lb. protected third-rails.............. $22 400 
One 0000 copper 750 
Copper for high-tension lines................ 200 
Moving-power equipment ............. 500 
$71 250 


The average efficiency from the locomotive drivers the power- 
station 0.80 0.963 0.92 0.97 0.97 66.6 per cent. 

Alternating-Current Operation Four-Track Line (IV 
Tables and 4).—The cost the contact conductors, their 
feeders and supports, practically twice that for double track. 
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With the power-stations miles apart, the efficiency the power Mr. Mayer. 
transmission 97.1 per cent. The total average efficiency from the 
drivers the power-station 0.971 0.75 per cent. 
Allowing for the fact that the electric locomotives and motor-car 
equipments are heavier than with direct-current operation, this 


equivalent 68% efficiency with the train 
weights direct-current operation. The power furnished the 
central stations, therefore, practically the same with both 
methods. 

Therefore, for alternating-current operation, the following 
summary costs: 


Moving-power equipment 


With direct-current motors, the attendance for the sub-stations 
costs $533 per mile per year. Allowing for interest, taxes, main- 
tenance and depreciation before, the yearly cost direct-current 
operation 063; that alternating-current operation 334. 

per mile regular main line, exclusive the power-stations; they 
give fair comparison the relative costs direct-current and al- 
ternating-current operation. However, they not include the costs 
due the railway and highway crossings, the curves, the changes 
required the signaling apparatus and the equipment side 
tracks. These costs vary greatly different lines, and, therefore, 
were provisionally omitted from the foregoing estimates. 

obtain roughly approximate estimate the total cost 
plant and operation, inclusive interest and taxes, the cost per 
horse-power-year the transmission plant, exclusive rotary-con- 
verter stations, was increased 35%, and the cost power trans- 
mission caused the maintenance, depreciation, interest, and 
taxes this plant was increased the same ratio. The costs due 
motormen the locomotives and motor cars are not included 
the foregoing detailed estimate; the same for both kinds 
operation. one man used the locomotives and motor cars, 
usual interurban lines, this cost estimated liberally 

taken cents per train-mile the main tracks. 

The switching operations require about the total power. 
The costs and the locomotives per horse-power-year developed 
these operations are estimiated three times large 
the main line. This adds 12% the costs and the locomo- 
tives per horse-power-year. The cost the large steam-turbine 
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Mr. Mayer. power-plants here required estimated $120 per horse-power 


average output, that one horse-power-year produced these 
plants estimated $40, inclusive the cost the plant 
for interest and taxes. The average power output, measured the 
rim the drivers with the trains per day case 100.56 
h.p. per mile line, and three times much The 
costs given per mile line, therefore, can easily changed 
costs per horse-power-year the rim the drivers dividing 

All the other cases were calculated similar manner. For 
the high-voltage direct-current operation, the power-stations were 
taken miles apart, and the current was transmitted directly from 
the power-stations the trains without sub-stations. This only 
practicable where there large number trains. single- 
track line, sub-stations would required, unless much higher 
voltage used the contact line. over-head steel rod was 


used contact conductor. This method not present available, 


the required apparatus not the market. 

instructive subdivide the cost installation into 
the three parts: Power plant, transmission plant, and moving- 
power equipments; and the cost operation, inclusive interest 
and taxes, into costs power production, power transmission and 
power transformation from electricity motion. 

These costs per horse-power-year developed the rim the 
drivers direct-current equipments and per 
year alternating-current equipments are given Tables and 


TABLE 5.—Cost INSTALLATION. 


Type Power Transmission Moving-power 


plant. equipment. Total. 
206 675 184 065 
210 660.4 120.3 990.7 
210 253.8 210.5 674.3 
198.4 111.5 852.4 
185 172.5 122.5 480.0 
176.4 150.4 194.9 §21.7 
180 198.7 83.5 462.2 
176.4 100.2 146.1 422.7 


Tables and show clearly that though the alternate-current 
equipments are heavy, comparatively inefficient, and expensive, their 
ability use high-voltage alternating current cheapens the cost 
power transmission large extent that the total cost 
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production the net hauling power required for given traffic Mr. Mayer. 


less than with 700-volt direct-current equipments, all cases, ex- 
cept four-track lines with very large traffic. The reason for this 
the low voltage the contact conductor and the consequent 
necessity using expensive rotary-converter sub-stations. The 
writer heartily agrees with Mr. Sprague the necessity for higher 
voltage. 


TABLE 6.—Costs OPERATION INCLUSIVE INTEREST AND 
TAXES INSTALLATION. 


$74.70 $298 $35.4 $407.10 
67.5 46.50 174.00 
64.70 64.10 41.60 170.40 
64.70 20.3 54.20 139.20 
58.60 13.8 31.8 
60.00 12.0 42.0 114.00 
60.00 19.3 26.30 105.60 
60.00 8.0 103.10 


The tables herein show the superiority direct-cur- 
rent operation with more trains per day double track, and 
inference still more four-track lines. quite probable 
that still higher voltages will soon available, and that the 
economic field direct-current operation will thereby still fur- 
ther increased. 

Various items making the total cost electric operation are 
not yet accurately known. Among them the cost maintenance 
and depreciation the moving-power equipment, and the con- 
tact lines. There also some doubt whether one two men will 
required the locomotives. The foregoing estimates, there- 
fore, are only rough approximations. Several important conclu- 
sions, however, may safely drawn from this and other investiga- 

operation highly profitable where the traffic 
very large. The saving cost power alone sufficient 
give, with large traffic, ample return the investment. 

all cases high cost fuel and cheap available 
water-powers, alternating-current operation highly profitable even 
single-track lines with any amount and kind traffic which pays 
with steam-locomotive operation. 
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large passenger traffic, suitable electric operation 
always very profitable because the increase earnings beeomes 
important factor. 

The experience the next few years will give ample data 
determine the uncertain elements the cost electric operation, 
and the increase passenger earnings which will produce. More 
exact estimates the rate return the investment required 
will then possible. 
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MEMOIRS DECEASED MEMBERS. 


WILLIAM THOMAS PIERCE, Am. E.* 


Diep 1906. 


William Thomas Pierce was born Leominster, Massachusetts, 
February 12th, 1854, and died Watertown, Massachusetts, 
February 26th, 1906, complication troubles, valvular diffi- 
culty the heart being the immediate cause death. was one 
four sons John A., and Elizabeth Pierce, the others 
being named Charles Q., Henry B., and Myron 

received public school education only, and his life 
good example what man can accomplish America con- 
stant and continuous effort toward definite end. the age 
sixteen decided upon professional career, and chose engineering 
his life work, entering the office Ernest Bowditch, Land- 
scape Gardener and Engineer, Boston, Massachusetts, begin 
the bottom the professional ladder. 

was always close observer, great student and in- 
cessant reader, and rendered his professional studies more than 
usually valuable habit, early contracted, card-indexing cur- 
rent engineering magazines, reports and textbooks. His indefa- 
tigable industry resulted primarily his great proficiency 
engineering draftsman, and some his pen and ink drawings 
turned off the 70’s might even to-day used the best types 
that class work. 

1880, with the full approval and his 
employer, obtained position the engineering force the 
Mexican Central Railroad, then under construction, which posi- 
tion not only gained experience railroad construction but fa- 
miliarity with the running preliminary and location lines. 
accepting this position was able, not only add materially his 
professional knowledge, but broaden his general experience. 

Two years later, undertook certain preliminary and location 
surveys for railroad near Quebec, Canada, expecting em- 
ployed later construction. this, however, was disappointed, 
the parties having charters for the roads being unable make satis- 
factory financial arrangements. 1885 returned Boston and 
re-entered the employ Bowditch, First Assistant 
Engineer. 

For the next few years most his time was devoted prepar- 
ing schemes and superintending the construction sewerage 
and Bar Harbor, Maine, and Waltham and Newburyport, 


Memoir prepared Ernest Bowditch, Jun. Am. Soc. 
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Massachusetts, show the results his care and foresight. His 
ingenuity and fertility resource, about this time, were shown 
the development many original methods pipe sewer con- 
struction and testing which have been adopted 
then many members the profession. 

1893 decided establish private practice where could 
more independent than was possible salaried position, and 
where could undertake, within reasonable limits, such original 
investigations chose, without interfering with duties which had 
right claim his time. Almost immediately, however, was 
appointed Superintendent Streets, Watertown, Massachusetts, 
where lived. retained this position until was selected 
Chief Engineer the Metropolitan Park Systems Boston, which 
post filled until 1903, when felt obliged resign, owing ill 
health. While the Park employ, was, naturally, fully 
pied that was unable give any time private practice, ex- 
cepting very limited way consulting engineer, that this 
attempt establish private practice proved abortive. 

After retiring from the position Chief Engineer the Metro- 
politan Parks, still continued his interest the work the office 
had organized, and retained this until the very end, February, 
1906. 

The Metropolitan office, when took charge, was newly or- 
ganized, or, rather, organized it, systematizing the methods 
keeping note and calculation books, plans, that any work, 
whether current otherwise, could easily and quickly referred 
without loss time. detailed system progress reports 
each and every piece construction, form devised Mr. 
Pierce, which reports were filed periodically the main office, not 
only rendered possible study intelligently any work either com- 
pleted progress without being obliged confer with the as- 
sistant assistants having charge, but proved inestimable value 
case dispute with contractors over payments for work, allow- 
ances for extras, and the like. 

Besides this, detailed daily reports were made construction, 
which were signed once each week both contractors and in- 
spectors. This simplified the final adjustment any and all claims 
for extras and allowances, and made unnecessary the usual. dis- 
cussion and division ambiguous clauses contracts. For, when 
delayed until the completion the work, after many 
matters detail may have been forgotten, these frequently cause 
delay and sometimes lawsuits before settlement. Such reports 
would scarcely practicable the daily business routine 
private office, but, public office, such system and detail must 
prove, not only possible, but very desirable. 

Though high-strung and impatient, had himself thoroughly 


q 
| 


MEMOIR WILLIAM THOMAS PIERCE. 527 


under control, and, even times great provocation, seldom al- 
lowed himself caught unawares. Early his professional life 
adopted mental safety valve the scheme writing out his 
first impressions, pleased annoyed people and things. This 
statement would put under his pillow night, and almost always 
the next morning was ready modify his statements the 
previous day. Later life, changed this practice and usually 
expressed opinion whatever until had slept it. 

Professionally, may said him that was successful 
marked degree; that was good workman who knew how 
use his tools best advantage, and was intolerant alike slovenly 
careless work others. 

Upright and honest his dealings, methodical, persistent, con- 
scientious and resourceful with his work, was man who had 
not only the entire confidence his employees but, what quite 
important and less common, the good will the laboring men 
and contractors with whom came contact. 

August, 1903, account his physical disabilities, prac- 
tically withdrew from active work, and, from that time until his 
death, was scarcely ever entirely free from pain and discomfort. 
Even through his last sickness remained cheerful, and ready 
look the bright side everything, paying attention his own 
physical infirmities, and always interested the latest engineering 
work, whatever might be. 

was elected Member the American Society Civil Engi- 
neers December 5th, 1894. was also member the Boston 
Society Civil Engineers, the Middlesex Club, the Boston Club, 
and the Boston Athletic Association. 

1883 married Almira Goss, Salem, Massachusetts, 
who, with one daughter, survives him. 
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PER BRYNN, Assoc. Am. Soc. 


1906. 


Per Brynn was born Modum, Norway, February 
1866. received his early education private school, the 
place his birth. Later, attended the high school Drammen, 
from which was graduated with high honors 1882. then 
entered the Technological Institute from which 
received the degree 1886. ‘The following year was de- 
voted post-graduate course Civil Engineering the 
institution. 

1887 Mr. Brynn came America, and entered the service 
the Bridge Company, Pittsburg, the capacity 
draftsman and estimator. January, 1894, was 
charge the Annex the Company’s main drawing room, where 
remained until August, 1898, when was promoted, being put 
charge the branch office Philadelphia. June the fol- 
lowing year was recalled Pittsburg and appointed Chief 
Draftsman for the Company. 

When the Bridge Company was taken over the 
American Bridge Company, May, 1900, Mr. Brynn was placed 
charge one the structural departments the latter com- 
pany, where remained until the time his death. 

Mr. Brynn was man who left the impress his personality 
all who met him. One felt immediately that was worth 
knowing—an impression that association only strengthened and 
confirmed. was always dignified and reserved, unassuming 
manners, and thoughtful others. Sincerity purpose and faith- 
ful effort characterized his whole work and gained for him the 
high regard all who knew him. 

February ist, 1906, Mr. Brynn was married Mrs. 
Josephine Opsion, Pittsburg. Just ten days later, New York 
City, while still their wedding trip, passed away. sur- 
vived his wife, his mother and three sisters, who reside 
Drammen, Norway, and two brothers, Mr. Anders Brynn, Chris- 
tiania, Norway, and Mr. Soeren Brynn, Pittsburg. 

Mr. Brynn was elected Associate Member the American 
Society Civil Engineers February 4th, 1903. 


Memoir prepared James Lyons. Am. Soc. 
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JUSTIN BURNS, Assoc. Am. Soe. E.* 


1905. 


Justin Burns was born Watertown, New York, July 28th, 
1870. was Irish parentage. received his early education 
the Watertown public schools, and was graduated from the High 
School with honor when eighteen years age. then won 
scholarship Cornell University competitive examination, and 
received his degree Civil Engineer 1892. 

His first work was with and Crimmins the con- 
struction the Third Avenue Cable Railroad, New York City. 
From April, 1893, 1897, was Assistant Engineer with the 
Chicago and West Michigan Railroad, engaged designing, in- 
spection and construction work the bridge department. 1897, 
Mr. Burns returned New York City, and was appointed Assistant 
Engineer under the Commissioner Street Improvements the 
23d and 24th Wards, and upon the formation the greater City 
New York, 1898, entered the service the newly formed 
Department Bridges. prepared designs for several viaducts 
and bridges the Borough The Bronx, and was charge con- 
struction the City Island Bridge connecting City Island with the 
mainland Pelham Bay Park, the Westchester Avenue Bridge 
over the Bronx River, the Brook Avenue Tunnel the Port 
Morris Railroad, and number smaller 

From May, 1898, February, 1899, Mr. Burns served with the 
First Regiment, United States Volunteer Engineers, Porto Rico, 
Sergeant Major, and later Second Lieutenant. his return 
from the war resumed his work the Department Bridges, 
and May, 1900, was appointed Assistant Engineer with the 
Rapid Transit Railroad Commission the City New York, and 
had charge work from the City Hall Canal Street, including the 
construction the City Hall Loop, heavy concrete arch under 
City Hall Park, and the single-track crossing under the four-track 
main line Park Row. 

resigned from the Rapid Transit service October, 1902, 
with the American China Development Company, which Wil- 
liam Barclay Parsons, Am. Soc. E., was Chief Engineer. 
His work was the construction the Canton-Hankow Railway, 
first Division Engineer the Sam Shui Division and later 
First Assistant Engineer, and was direct charge the loca- 
tion and construction the railroad South China. When this 
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work was suspended, March, 1904, returned New York City 
and entered the employ the Rapid Transit Com- 
pany Resident Engineer charge viaduct construction. 

March, 1905, was made Engineer-in-Charge the recon- 
struction and extension the street railway system Memphis, 
Tenn., the firm Ford, Bacon and Davis, and, while that 
city, was chosen Vice-President the Memphis Engineering So- 
ciety. October, 1905, while short visit his home Water- 
town, contracted typhoid fever, and died November 14th, 1905. 

Mr. Burns was fine musician and accomplished linguist. 
was also interested literary work, and, besides contributing 
articles technical subjects the engineering press, lectured be- 
fore several American colleges railroad and bridge work. His 
highest aim was extend the field his labors, and often made 
personal sacrifices order broaden his experience. His pro- 
fessional work was marked natural ability which was ennanced 
unremitting study and unflagging industry. His superiors es- 
teemed him able, conscientious and reliable man; his col- 
leagues and subordinates remember his generous help and encour- 
agement, which often inspired them conquer difficulties. All his 
friends admired the gentle kindness that accompanied his noble 
strength character. His untimely death cut short career that 


gave promise honor and success. religion, was Roman 
Catholic, and was unmarried. 

Mr. Burns was elected Associate Member the American 
Society Civil Engineers April 6th, 1898. 
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ELVER ZELLE SHINBUR, Assoc. Am. Soc. E.* 


Diep 1906. 


Elver Zelle Shinbur was born Oakland, Nebraska, 
April 3d, 1879. received his early education the home schools 
and the Omaha High School, attended the University Nebraska 
from 1897 1901, and received the degrees Bachelor Science 
and Civil Engineer from that institution. 

During the summer 1901 was employed instrumentman 
grading and viaduct construction South Omaha, Nebraska, 
for the Fremont, Elkhorn and Missouri River Railroad. the 
fall that year left railroad work Cuba, Topographer 
under the United States Military Government, where had charge 
from four seven reconnaissance parties engaged military 
survey the Provinces Puerto Principe and Santa Clara. Upon 
the termination the control the island the United States, 
Mr. Shinbur was made Assistant Engineer preliminary and loca- 
tion surveys and construction for the Insular Railroad Company, 
Havana. After remaining with that company for year, 
went Mexico Resident Engineer construction with the Vera 
Cruz and Pacific Railway, having charge concrete and stone 
masonry, the erection steel bridges, etc. From August, 1904, 
the date his death, Mr. Shinbur was with the United States 
Reclamation Service. During the autumn and winter 1904-05 
was assigned the Uncompahgre Valley Project, Colorado, 
where had charge four field parties engaged topographic 
work and location. March, 1905, was appointed Assistant 
Engineer the Reclamation Service, and since April that year 
was charge the construction the second miles the 
Interstate Canal, Wyoming and Nebraska, with headquarters 
Mitchell, Nebraska. 

While Cuba, Mr. Shinbur met Miss Anna Leland, Ann 
Arbor, Michigan, whom married October, 1905. They had 
been married scarcely year when contracted typhoid fever and, 
after short illness ten days, died his home Mitchell. 

Mr. Shinbur was eminently successful all work upon which 
was engaged, and was spoken his superiors terms the 
highest praise. manner always quiet and reserved, had gained 
the respect and affection the men under his direction and all 
those who came contact with him. seemed particularly sad 
that this young man, after earning promotion hard work and 


Nebraska. 
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devotion duty, should stricken down when the future was 
bright before him. 
Mr. Shinbur was elected Associate Member the American 
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Society Civil Engineers October 3d, 1906. 
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FREDERICK APPEL HAUSMAN, Jun. E.* 


Diep 1906. 


Frederick Appel Hausman was born Allentown, Lehigh 
County, Pennsylvania, August 8th, 1880. was graduated 
with honorable mention, civil engineer, from Lehigh University 
with the Class 1901. While Lehigh was member the 
Beta Pi, honorary technical society. 
During college vacations, that is, between June and September, 
1899, was Rodman for the Lehigh Engineering Company, 
Allentown, Pennsylvania, and, from June September, 1900, 
served Assistant the Engineering Department the Atlas 

{ 


Portland Cement Company, Northampton, Pennsylvania. 

After graduation June, 1901, Mr. Hausman began work 
Draftsman the corps the Chief Engineer the Lehigh Valley 
Railroad South Bethlehem, Pennsylvania, where 
mained until January, 1902, when accepted position As- 
sistant Supervisor with the Philadelphia and Reading Railroad 
Bridgeport, Pennsylvania. this position had full charge 
much important work and handled very able manner. His 
superiors fully appreciated his services, and very reluctantly ac- 
cepted his resignation May, 1903. 

this time, his father, Mr. Hausman, Sr., called upon 
him assume the management his brickyard Allentown, 
Pennsylvania. This business demanded the entire attention 
competent and reliable man. manage successfully business 
this kind, which operates only during the summer and autumn, 
requires knowledge how handle men, together with business 
and engineering abilities. When “burning” often necessary 
for the Manager remain the kilns day and night, the men 
generally employed brickyards are not very reliable. this 
position, Mr. Hausman acquired thorough business training. 

remained with his father until November, 1905, when 
again accepted position Assistant Supervisor, which was offered 
him the Philadelphia and Reading Railroad Company, 
Olney, Pennsylvania. was filling this position with credit 
when contracted typhoid fever, and, after severe illness 
five weeks, died March 6th, 1906. 

During his illness had been asked become City Engineer 
Allentown, Pennsylvania, but, course, could not accept it. 

Mr. Hausman was broad and clear thinker, and bright engi- 
neer. had firm sense duty which would have shown its 
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effect later. His love for his family and home was carried 
excess; fact, refused several good positions because they 
would have taken him too far from home, 

Mr. Hausman was elected Junior the American Society 
Civil Engineers February 3d, 1903. 
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